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ANNOUNCEMENT 


R-BCOGNIZING tlie great advances in cardiovascular surgery and the 
increasing number of contributions by thoracic surgeons to this field, the 
Editorial Board and the membership of the American Association for Thoracic 
Surgery have with this issue officially changed the title of The Journal of 
Thoracic Surgery to The Journal of Thoracic and Cardiovascular 
Surgery. 

Contributions in the field of cardiovascular investigations and surgery 
will be acceptable only if they pertain to problems within the thorax. It is not 
intended that this Journal publish papers dealing .with the peripheral vascular 
system. 


T/je Editorial Board 




Origina I Co in mu n ica tions 


PULMONARY ARTERY WEDGE PRESSURE IN EXPERIMENTAL 
MITRAL INSUFEICIENCY 

Jean Curlier, and Georges N. Lejeune-Ledant, M.D.,** 

Liege, Belgium 

A lthough a majority of authors*’ -■*’ agree that, in the dog, the 

“mean pulmonary wedge pressui’e” is a faithful indication of the mean 
left atrial pressure, they are not of the same opinion concerning the ti’ans- 
mission of these waves. We, therefoi’e, have deemed it sufficiently important 
to investigate the transmission of the left atrial pressure to the pulmonary 
artery wedge pressure position in normal dogs, and in dogs vdth experimental 
mitral insufficiency and to determine, (1) whether the instantaneous changes 
of pressure in the left atrium are faithfully transmitted to the pulmonary 
artery wedge position; (2) to establish Avhether certain agents are capable 
of rendering the waves of mitral insufficiency more distinct, and (3) to study 
the influence of the increase of pulmonaiy vascular resistance on the trans¬ 
mission of the atrial wave of mitz-al insufficiency. 

JIATERIALS AND JIETHODS 

Mongrel dogs weighing between 20 and 30 Kg. were prepared under intra¬ 
venous Nembutal anesthesia, and intubated so that ai’tificial respiration could 
be applied. 

A cardiac catheter, of the type Goodale-Lubin No. 6 or No. 7, was intro¬ 
duced into an external jugular vein and advanced into a terminal branch 
of the right pulmonary artery, more frequently to the level of the inferior 
lobe and sometimes to the middle lobe leAml. It was generally wedged Avhen 
the recording of the left atrial pressure began. 

In some cases, a second catheter Avas introduced through the venous 
route into the pulmonary artery. In some experiments, the pulmonary artery 
Avedge pressure Avas also recorded at the leAml of the left loAver lobe. 

Catheters were perfused at a sIoav rate (about 50 c.c. per hour) Avith 
normal saline solution containing 25 heparin units per cubic centimeter. The 
thorax Avas opened bj^ an incision in the left fourth intercostal space. During 

Received for publication Dec. 15, 1958. 

*Institut de Clinique et de Policlinique JKdicales (Prof. L. Brull). 

‘♦Laboratoire de Ghirursrie Expfirimentale (Prof. F. Albert), University de Lififfe, . 
rue des Eonnes-AOlles, LiSge, Belgium. 
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the mediastinal dissection, care was taken to avoid injuiy of the plenra sepa¬ 
rating the two lungs. Mitral insufficiency was produced by the method of 
Chalnot and Benichoux,*' ° using a Dogliotti ring. 

In experiments witli an open thorax, respiration was cheeked except at 
the time of pressure recording. The left atrial pressure was measured by 
direct puncture jvith a long, fine needle connected to a No. 7 cardiac catheter 

In experiments with a closed thorax, the animal was permitted to breathe 
normally. Left atrial pressure was measured in 2 cases by direct trans¬ 
thoracic puncture with a long, fine needle. This needle was introduced into 
the posterior part of the third left intercostal space and directed under 
fluoroscopic check toward the left atriunv. In other cases, the pressure was 
recorded by left heart catheterization via the carotid artery using a Ko. 6 
or No. 7 cardiac catheter. 

Pressures were measured with the aid of two Sanborn elcetromanometers, 
and recorded by a Sanborn Twin-Viso clcctiocardiograph machine using a 
recording speed of 5 cm. per second. 

The following agents were investigated in 9 dogs with an open thorax: 
(1) clamping of the aorta; (2) intravenous injection of 2 to 5 units of 
Pitressin*; (3) intravenous injection of 0.2 mg. of epinephrine; and (4) rapid 
injection of normal saline (100 c.c. in 5 seconds under 1.5 Kg. pressure) using 
the Dos Santos apparatus," via a catheter in the inferior vena cava. 

In 4 dogs which had been subjected to mitral insuffioienc.v 8 to 22 days 
previously, a tracheal sound connected to an anesthesia apparatus and to a 
water manometer allowed us to create a pressure of 20 to 30 cm. of water in 
the bronchi and alveoli, thus producing a compression and an increase of the 
pulmonaiy capillary bed resistance. 

During this insufllation, normal saline was I'apidly injected via a catheter 
introduced into the inferior vena cava with the aid of Dos Santos appa¬ 
ratus." 

KESUMS 

A. Transmission of Normal Left Atrial Pressure Waves .— 

Our results in 11 dogs were as follows. 

1. Except for certain deflections mostly “x” and “y,” the positive waves 
were transmitted to the pulmonai-y artciy wedge jiosition with the same shape 
and also the same cyclic variations of amplitude (Fig. 1, Table I). The dif¬ 
ferences observed between the two positive wave tracings successively, and 
not simultaneously recorded, did not exceed those observed between several 
left auricular tracings recorded successively. 

2. After opening the thorax, there was no modification of the right pul¬ 
monary artery wedge pressure, wave shape, or amplitude (Fig. 1, Table I). 

3. Left pulmonary artery wedge pressure recorded on 2 dogs, after- 
opening the thorax, revealed a damping of the wave as compared to the right 
prrlmonaty artery wedge pressure (Pig. 2). 


•Pitressin = Pltone Organon. 



Table I. Normal Pressures in the Dog With Open and Closed Thorax (mm. Ilg) 
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RIGHT RA.W. : ,0r RIGHT PA.W. 
mmHg OPEN THORAX . I - 



I'iS 1 FiS 2 

pjg 1—(Dog- 7) Right PA'SV —right pulmonari. arteij uedge On the left ntrial 
tracing, three Ava\es a" c ■’ and ' can be seen Tliej are transmitted to the right pul 
monary artery wedge position ^Nith equal amplitude The right pulmonarj artery T\edge 
tracing ^\lth open and closed thorax Js Uie same 

Fig 2—(Dog 10) Right PAW—'right pulmonary artery wedge Left PAW—left 
pulmonary arterj wedge The pulmonarj arterj wedge tracing recorded on the side of the 
thoracotomj (left side) enables us to recognize the three atrial waves but the> are less 
ample than on the opposite side 
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B. Transmission of the Left Atrial Pressure fVave in Mitralinsufficiency .— 

1. Experiments in 9 dogs ivith an open thorax: 

a. In 7 dogs^ a typical mitral insufficiency wave was recorded in 
atrial tracings. This wave Avas found on the right pulmonary ar¬ 
tery wedge px’essure tx*aeing. It Avas also identical both iix form 
and amplitude Avith the atrial Avave (Fig. 3, Table II A). 

1). In 2 dogs shoAving a definite moderate mitral ixisuffieiexicy vex’ified 
by finger palpation and at autopsy, the I'ight pulmonary artery 
Avedge tracing did not shoAv a typical x-egurgitation "v” Avave. The 
left atrial curAm, furthermore, did not x'eveal a characteristic mitral 
insufficiency wave and its shape Avas the same as that of the pul- 
monaiy artery wedge tracing. 

c. In 2 dogs, Ave recorded the pulixionaiy arteiy Avedge pressure in both 
lungs (Table II B). The left mean ixulmoxiaiy artery Avedge pres¬ 
sure Avas the same as in the right luxxg, Ixut the cyclic Ami’iations of 
the left lung reading Avere “damiAcd.” The left Avavo Axms still visible 
although less apparent and of lesser amplitude. Its peak was i-e- 
tarded as compared Avith the right puhxionaiy arteiy Avedge pressure 
tracing by a time interval of 0.05 to 0.06 second. 

2. Dogs tvith a closed thorax: TAvelve dogs undeinvent an expei’imental 
mitral insufficiency. Six of these dogs dcA'eloped a severe mitral insufficiencj’’ 
and died of acute pulmoxiary edema Avithin a Aveek. A 1 to 3 Aveek follow-up 
study of the remaining operated dogs shoAAmd the folloAving results. 

a. The regurgitation “v” Avave on the left ati-ial tracing was seen also 
on the I'ight pulmonary artex’y Avedge px-essure curve and Avas of 
about the same amplitude (Fig. 4, Table III A). 

b. In spite of the resorption of the pneumothorax and the absence 
of liquid in the left pleura on 2 of the dogs examined 15 days and 
3 Aveeks postoperatively, a damixing of the left pulmonary ai’texy 


Table III A. Pkbssukes rx the Dog 'Witk Closed Txiokax After Experimental Mitral 

Insuiticibncv (mm. Hg) 


DOG 1 

1 a ! 

1 . . _ ^ 1 

1 ^ 1 

1 y ! 

1 MEAN PRESSURE 

NO. 1 

[ r.p.a.vv. [ 

L.A. 1 

[ E.P.A.W. 1 

L.A. 1 

! ) 

L.A. 1 

R.P.AAV. 1 

L,A. 1 

i K.P.A.W. ) 

L.A. 

1 

10 

10 

5 

4 

10 

10.5 

0.5 

3 

6.5 

5 

2 

6 

5 

5 

4 

15 

10 

6 

3 

7.5 

6 

3 

7 

7.5 

5 

4 

17 

15 

5 

3 

7 

6 

4 

5.5 

4 

2.5 

1.5 

8 

7.5 

2.5 

1 

5 

3.5 

5 

8.5 

9 

-1 

-1 

11.5 

11.5 

3 

0 

5 

4 

6 

13 

13 

6 

5 

11.5 

12 

5 

3 

7.5 

7 


Table III B 


WG 1 

1 ^ 

^ ! 

V j 

y 

MEAN PRESSURE 

NO. 

R.P.A.AV. j L.r.A.AV. 

R.P.A.W. 1 L.P.A.AV. 

R.P.A.AV. 1 L.P.A.AV. 

R.P.A.AV. 1 L.A. 

R.P.A.AV. 1 L.P.A.W. 


7 

r: K 


0 

2.5 


5.5 

4 


17 

8 


10 

5.5 


5 

2.5 


6 

4.5 


R.P,A.AV.—right pulmonary artery wedge pressure; i-.A.—left atrial pressure: U.B.A.AV. 
-loft pulmonary artery wedge pressure. 















ECG 





mmHg LEFT ATRIUM 

I 



y 


mmHg 
10 r 


LEFT ATRIUM 

V 


5 

0 


\ 

V'^ 





X y 



T 


mmHg riqhj 


75 



mmHg right RA.W 



mmHg 


75 r 
50 ■ 

25 - 
0 - 

mm Hg 


ECG V 

I LEFT ATRIUM 


75 

50 

25 

0 


RIGHT PAW 



X y 


ECG 

_|,— I — 


mm Hg 

10 - 

5 - 

0 - 


LEFT RAW 


a V 
X y 


Fig 3 I-Ig: 4 

Fiff 3—(Dog^ 11 ) Right PAM —right pulmonarj artery \\ecl&e On the left atrial 

tracing there is a typical v wa\o of mitral regurgitation This \\ave is transmitted to the 
right pulmonary artery wedge position with the same amplitude The difference between the 
two tracings is due to an absence of transmission of the left atrial y wa\e below the x' 
wa\e 

Fig 4—(Dog 4 ) Right PAM —right pulmonary arleiy welge Left P VM —^left 
pulmonary artery wedge The left atrial \ wave of mitral insufficiency is transmitted to 
the right pulmonary artery wedge position with the same amplitude On the left side there 
is an important damping of the atrial wa\es mainly the \ wave the apex of which is de 
layed with respect to that of the tracing recorded on the right side The moan pressures of 
the left and right pulmonary artery wedge positions are identical and slightly greater than 
that of the left atrium 
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Fig 6—The influence of a rapid Intrarenous Injection of 100 cc of physiologic liquid A, 
Before B, Immediately after O, 3 minutes after 
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wedge pressure, involving principally the regurgitation “v” wave, 
was found (Fig. 4, Table IIJ B). The mean pre.ssui’e was exactly 
the same as the pressure recorded for the right lung. 

C. AcHon of Various Agents on the Pressure Curves of the Left Atrium 
and the Pulmonary Artery 'Wedge Pressure in Experhnental Mitral Insuf¬ 
ficiency (.see Table IV and Figs. 5 and 6 ).— 

3. For the first three agents (clamping of the aorta, intravenous injection 
of 2 to 5 units of Pitressin, intravenous injection of 0.2 mg. of epinephrine) 
the following results were noted. 

a. The increase of the mean left atrial pressure observed was trans¬ 
mitted to the pulmonary artery wedge, the pi’e.ssure in the latter 
being mostly a few millimeters of mercury greater than the left 
atrial pressure (Table IV). 

b. These agents produced an increase of the atrial regurgitation “v” 
wave that was much more important than that of the “a” wave 
(Table IV, Fig. 5). 

c. The pulmonary artery Avedge tracing faithfully followed the modifica¬ 
tions observed at the po.sitive Avaves, mainly at the “v” Avave re¬ 
gurgitation. AVhereas, on the initial tracing, the negative “x” 
Avave Avas generallj^ Avell transmitted, the pulmonary artery Avedge 
“y” Avavc often did not go beloAv the “x” level (Table IV, Fig. 5). 

2. The rapid injection of normal saline solution produced a definite and 
transitory increase of the “v” Avave, moi'c apparent than for the "a” Avave, 
the eoi’responding pressures at “x” and “ 3 ^” being only slightly increased 
(Table IV. Fig. 6 ). 

D. Inflxience of the Increase of Pulmonary Vascular Resistance on the 
Transmission of the Left Atrial Waves .— 

1. During the insufflation of the lungs under pressure, a damping of the 
left atrial and pulmonaiy arter 3 ' AA'-edge tracings AA'as observed (Pig. 7, A 
and B). 

2. One also noticed a damping of the pulmonaiy artery wedge “v” Avavc 
as comiiared to the waAm recorded in the left atrium. 

3. The transmission time of the atrial “v” Avave (measured from the apex 
of the Avave) to the pulmonary artery Avedge position Avas increased (Pig- 
7, A and B ). 

4. The rapid injection of normal saline solution intravenously during the in¬ 
sufflation of the lung under pressure caused, on the one hand, an increase of 
the “v” AvaA'es Avhich Avas more apparent on the pulmonary artery Avedge 
tracing and, on the other hand, a shoi’tening of the transmission delaj' of the 
left atrial “v” wave (Fig. 7, C). 

5. Immediately after the end of insufflation of the lungs, a transitoiy 
increase of the “v” Avave was obserAmd both on the pulmonary artery Avedge 

tracing and on the left atrial tracing (Fig. 7, D). . m • 

6. With respect to the pulmonary ai-teiy tracing, during the insufflation, a 
damping of the pulmonary artery Avedge “v” Avave Avas observed, a.s Avell as a 
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delay in the recording o£ its apex with respect to tlie apex of the pnimonai-y 
arterial systolic wave. 



A B 


Jmm Hg 



lung rapid Intravenous injection of 100 c.c. of normal saline clurlnR the 

21 , Before the lung: insuJTlation. 

B, During tlie InsufRation under a pressitre of 30 cm. water, 

C, Immediately after the rapid intravenous injection of 100 c.c. of normal saline during 
the lung msufllation. 

D, Immediately after the lung insufflation. 

On the B tracing, a damping and a supplementary transmission delay of the apex of the 
PA. tv. "v” wave IS observed, with respect to that of the left atrium. The rapid,injection of 
normal saline almost restores the P.A.'VV. **v" wave to its initial amplitude and suppresses 
the supplementarj’ delay of tran.smission of the left atrial "v" wave to the P.A^W. position. 
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A. Transmission of the Normal Left Atrial Pressure.— 

In onr experiments, the thorax was opened by a left intercostal incision. 
Tlie catheter tip was at the right lung level. The thin pleura separating the 
two lungs was left untouched and therefore a right-sided pneumothorax was 
avoided. 

This condition must be fulfilled in order to have a good transmission of 
the left atz'ial waves toward the pulmonaiy artery wedge position. In two 
"open-thorax” expeidments, the pulmonaiy artery wedge pressure in both 
lungs was recorded, and there was decisive evidence of damping on the pres¬ 
sure curve of the left lung as compared with that of the right lung, 

B. Transmission'of the Atrial Pressure Curve in Mitral Insufficiency .— 

In the ease of "open-thorax” dogs having undergone a mitral insuffieiency 

by a left thoracotomy approach, under our own experimental eonditions, a 
good transmission of the atrial waves and, mainly, of the regurgitation "v” 
wave to the right pulmonary arteiy wedge position was observed. In some 
dogs, which in spite of proved mitral insufficiency, there was no typical "v” 
wave on the right pulmonary artery wedge position, the “v” wave was also 
absent in the left atrial curve. 

In similar human cases where moderately severe mitral insufficiency 
was verified by palpation, regurgitation “v” waves were not discernible on 
left atrial curves. These human eases have been reported by Wynn and his 
collaborators,*® Venner and Holling*® and, also, by Ankeney and his col¬ 
leagues.® 

As regards the dog, the effect of a left pneumothorax on left atrial wave 
transmissions can be seen. On the right side, where thei’e was no pneumo¬ 
thorax, all ati'ial waves were correctly transmitted. On the left side, a 
damping effect could be seen Avhen the recording was made in the pulmonaiy 
artery wedge position. A raidline incision of the thorax, as pi’acticed bj^ 
Ankeney and his co-workers,* or a rupture of the pleura separating the lungs 
during a left-sided surgical approach, can be the cause of poor transmission of 
regurgitation "v” waves. 

In "closed-thorax” dogs, our findings were similar to those of Haddy and 
his eo-workers^^ ivho found a good transmission of regurgitation waves 2 
weeks later in operated dogs. In this particular case, the wave amplitude was 
of 40 mm. Hg. 

For even lowei’ jiressures, we have experienced good wave transmission 
in our results. Coelho and a.ssociates'® were not able to put into evidence 
any typical pulmonary artery wedge pressure on “closed-thorax” dogs when 
the mitral valves were experimentally rendered insufficient. 

Even without any liquid reaction of the pleura, the effect of a left pneu¬ 
mothorax on the transmission of atrial Avaves continued, even when the pneu¬ 
mothorax was completely resoi-bed. In fact, 15 days to 3 Aveeks after opera¬ 
tion, a damping of the pulmonary artery wedge pressure curve at the leve 
of the inferior left lobe has still been obseiwed in 2 dogs. 
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C Action of Vanous Agents on the Prcssuic Cuivcs of the Left Itniim 
and the Puhnonanj Aitenj ^Ycdgc Pressinc in Experimental Mittal Insiif 
ficicncij — 

In the dog with the “cIosed-thoidN,” ViijIstoch"'' noted that the ineicasi 
of menu left atiial picssnio piodiitcd hj the ohhtciation of the aoiti oi the 
injection of epinephrine oi Piticssin, was tinnsmitted to the piilmonan ai 
tciy wedge position Oiu o\pciiinents confiimed Vinlsteek’s findings on tin 
dog with the open thorax and also showed that the inciease ol the loft atnal 
"a” and wates me found piactiealh to he equal on the pulmoiian arfoi 
wedge tiacings 

These tliiee agents, as well as the lapid iiitiatenons iniection of iionni' 
saline solution piodueed an iiicieasc of the regurgitation wase whnl 
was itioie impoitant than that of the wasc "a”, it was onh temponn m th 
case of injection of nonnal saline solution 

Aftei the lattei tost, left atiial and pulmoiian aiten wedge dicistidie 
pussuus tisuallj did not icturn to the initial lei el Anhcney,’ " and Henn’ 
and Feiguson’^ and then associates ohsened the same nicieaso ot the left 
atinl dnstolic picssute attei injection of liquid of appioximatelv the simf 
lolumc ns that used in oui own cxpeiniient This might also ho caused hi 
the increase of the blood i oluine 

1) Influence of the Increase of Pulinonait; Vosculai Penstance on the 
Ttansmisston of the Left itual iroie? in Expciimental Mittal Insuffieienctj — 

1 The increase of pulmonaij- vascular lesistances in hum in initial dis 
ease is a well Known phenomenon On the contiaij in the dog subjected 
to a initial stenosis, Haddv and collaboiatois''’ piovod that aftei 10 months 
there was no ineieaso of those icsistaincs Owing to the fact that the time 
lequiied for the sotting of these iiicieascd lesistaiiccs in the dog is certninlj 
longei than 10 months, we pieftncd to use a simple and rapid technique 
which consists of insuniation of the lungs of the expelimentnl animal undet 
piessiire Its mechanism is ceitainly not the same as in human mitral disease 
but the place wheie the increase of the lesistance acts is of little impoitanee 
foi out study The doeieasc of the pulmonaij vascular netwoiK calibei 
produced bj insufflation undci piessuic is without doubt, if one refers to the 
fine angiopneumogiaphies of Rimini 

2 Our obseirations confiim the damping of the pnlmonan arterj wedge 
tiaeing obseived in man by Shallfei and Silbei’* in the case of initial disease 
with inciease of pulmonaij aiteiiolai lesistanccs, as well as by BjorK,® Lee,'” 
dining Valsalva’s test, and AVorko"' and then collaboiatois dining positive 
lespii ation 

3 The delaj in the tiansmission of the left atiial icguigitation wave 
obseived bj eompaiing the pulmoiiaiy arterj' wedge “v” wave to the left 
atnal “v” wave oi to the pulmonaiy aiteiy ti.icmg showed a shoitcoming 
duiing the determination of mitral insufficiency in man on a pulmonaij' ai 
terj wedge tiacing 
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It should be noted that this transmission delay, associated with a damp¬ 
ing' of the V wave, may result in the lowering of the apex of the pulmonarj’’ 
artery wedge “v” wave after the closing wave of the pulmonary artery. Its 
precession in respect of the latter was admitted by Lagerlbf and Werko,^* and 
Soulie and co-workers-^ as being a criterion of mitral insufficiency. 

More recently, some authors, among Avhom Soulie^^ and Blum’^ and their 
associates haA'^e considered this criterion (precession of the pulmonary artery 
Avedge “v” wave in respect to the closing Arave of pulmonary artery) as being 
unreliable. Soidie admits, hoAvcA’^er, that in the presence of regular sinus 
I’hythm, and in determined conditions, it may be a useful adjuA’^ant in diag¬ 
nosis. Soulie and collaborators^^ haAm also argued that the “pulmonary aidery 
Avedge” tracing could, in the ease of mitral insufficiency, haAm a different 
znorphology depending on the territory Avhere it is recorded and on the tension 
applied to the extremity of the catheter. 

The modifications obseiwed by these authors may be explained in the 
folloAving manner: (1) the variable anatomic alterations in one or another 
place of the lung also suggest Amrious vascular resistances, (2) the relations 
between the Amseular walls and the catheter orifice Avith an exaggerated ten¬ 
sion may obliterate, at least partly, the catheter orifice (these tAvo factors 
are an obstacle to the transmission on the regui’gitation Avave and may offset 
its apex Avith respect to the pulmonary artery closing Avave), and (3) the 
rapid injection of noimal saline solution, creating a sudden distention of the 
pulmonary Amseular bed, practically restores the regurgitation wave “v” to its 
initial amplitude and suppresses the additional delay of the transmission of 
the left atrial “v” AvaAm created by the insufflation of the lungs. 

HoAA^ever, we cannot consider this technique as being free from danger 
as far as man is concerned. Yet it is possible that immediately after a 
Valsalva test, Avhich creates a sudden and transitory fiow into the lungs, the 
recording of the pulmonaiy artery Avedge cuiwe brings about modifications 
similar to those obseiwed during the rapid in.jection of normal saline solution. 
Providing the cardiac output can be sufficiently increased, an effort test could 
achieve the same result. 

CONCLUSIONS 

I. In normal dogs having undei’gone a left thoracotomy, there was a good 
transmission of the positive left atrial waA’^es toward the right pulmonary 
artery position. The left position tracing Aims damped. The opening of the 
thorax modified neither the form nor the amplitude of the right pulmonary 
artery Avedge pressure tracing. 

2 In the dog submitted to an experimental mitral insufficiency by a left 
thoracotomy approach, the left atrial regurgitation Weave was correctly trans¬ 
mitted toward the right pulmonary artery wedge position. In dogs m Avmcn 
no regurgitation wave was discernible on the right pulmonary artery weuge 
position tx’aeing, the AvaAm Avas also absent on the left atrial lecor t. 
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iracumnthoiax gene use to a damping of the left ptilmonarj aitoiT ivcdgp 
picssuie Cline as tompaicd to tiu light and a ittaidation of the peak ol 
the legiiigitation iiaic 

3 In “elosed thoiax” dogs haiing iiiukrgone a initial insiitlieieim iiiJ 
liieathing noiiiialli, o\aniinod 1 to ! iieeks €iftet a good tiansimssioii ot tin 
left atiial legiiigitation i\a\t toiiaid the light piilmonan aiten mdg 
position lias found as e\pciicnctd in “open thoiax ’ dogs iiiidei aitiliuil 
rcspiiation A daniping of the left piilmonan arttn iitdge pussiuc ti Kine 
still oceiiiicd, in spite of total piilmonan le p\pansion and ihseiue ot liq 0 1 
in the phiiial cants 

4 Intliieneo of nicehanital 01 phaimacodjnaniie agents (a) In do^s 
snhiected to initial insiiflieitncy, the ohliteiation of the aorta and intiaien s 
inpction of Pitiessin 01 epinephniic piodiieed an ineicasc of the iin ,111 liji 
atiial piessiiie as nell as the amplitude of the icguigitation iiase (h) 1 ) 
modifications sieie faithfiilli tiansmitted to the light ])iiIinonan aiten i e 
position (e) A rapid intiaienoiis micetion of noiinal saline detiim ( . 
definite but tiansitoij ineieasc of the regiiigitation siase in equal piopnn ms 
both on the left atiaal tiaeing and on the piilnionai-j aiten nedge tt inn. 

0 Influence of the inciease of pttlmonaia, saseiilai lesistance (a Ilf 
increase of piilmonan lasciilai icsistames ticated hi, the insnfll ition of tin 
lungs iindoi picssiiic ptodiiced a damping and an additional delas in thi 
tiansniission of the mitral insufiitiencs iiaic to the piilmonaij aiten Modgi 
position (h) Diiiing the insiilTlation of the lungs iindci piessiiie, the lapicl 
intiaienous micction of noimal saline icstoied the piilmonaij aiteri iiedge 
legiiigitation ivaie piacticallj to its initial amplitude and eaneelled the ad 
ditional delaj in the tiansmission to the piilmonan aitei.i iiedge position 

smni Mi\ 

In dogs iMth open and closed thoiaces, there ivas a good tiansmission of 
the mean left atual piessiiie to the piilmonan ai-teij -nedge position 

The noimal and pathologic (mitial insiiffieienca) positne ■naaes aieie 
faithfullj tiansmitted onh to the side opposite the thoiacotomj On the 
opeiated side, thoie aias a damping of the piilmonai’j aiten nedge tiaring 
nliich persisted foi at least 3 necks .after the thoiaeotonn 

Ihe initial leguigitation naat could be consideiahh incieased iiiidei the 
infliieneo of aaiioiis niechaiiieal oi phaimacodan.amie agents Those modifiea 
tions ncie faithfiillj tiansmitted to the piilmonan arteij nedge position 
Ihe inciease of pulmonaia aascnlai icsistanec cioatcd a damping and a delaa 
in the tiansmission of the initial legiiigitation naie on the pulnionan aiteii 
nedge tiaeing These modihcations tcmpoiaiih disappeaied thiough a i.ipid 
inti.aienous inieetion test of noimal saline solution 
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PROLONGED VENTRICULAR FIBRILLATION 


An Experimental Study in the Closed Chest 
Animal Utilizing a Pump-Oxygenator 

John IK Bell, /M D, and riancesco F Biiella, y\l D * Seallle, IKrfrA 

INTRODUCIIOX 

P RIOR to the clc\clopnient of the pump ox\gciiatoi and icali/ntion of eiicnla 
ton substitution, leutiicuhii lihiillafioii n.is noil Knonn as ,i hital and 
lucioi'sihle aiilnthmia AVithout suppoit of the coionan and ceichial 
eiieulation, oxpeueiico iiioicd that the fibiiliating henit, attci seteinl minutes, 
could seldom ho lestoied to a satisfacton ilntlim cithei h\ eheinical oi 
clectiical means’" Sinoc the adient of intiacaidiao smeen, CMdcnce is 
aocumulntmg that \ontuculai lihiillation is a iclatnch innocuous iiilnthmia 
nhen it occuis duung: pump oxsgiiiatoi supiiort ^ 

Oui inteicst in the doliheiatc use of leiitiieulai fihiilhtioii in the intact 
animal icsulted fiom a soaich foi a satisfacton method of pioducing eaidio 
genie slioch This aiilnthmia aiipeaicd to satisii the ciitciia of an expoii 
mental state nhicli nas leieisihlo, easih induced, and duung nhieli the animal 
Mas totalh dependent upon extiaeoipoical siippoit 

Oui pul pose IS to lepoit satisfacton piolonged suhstitution foi the 
fihullating canine heart Mith the hiihhle owgcnatoi These oxpoiiments neio 
done Muth peiipheial canmilation of the femonl lessels in the noimotheimie 
closed chest animal Successful clectiical dcfihiillation of the lieait folloMing 2 
to 3 horn's of delihoiate filn illation, is in accoid Mitli AViggeis’ eaih demon 
stiation that a nell oxigenated miocaidia is the iital leciuneiiiuit foi 
lestoiation of suin' ilntlim ’ 

MFTHODS 

Ten healtln inongiel dogs laning in neight horn 12 to 34 Kg eeie 
anestlieti/ed Mitli intiaienous sodium pentohaihital, intiihated, and niechani 
calh lespiiated 

Frtni the Department of Sur^erj Setennt Atlnimlstr-ition Ho'fpital and UnUersitl of 
Maehinaton School of 116010100 Seattle TVasli 

Supporte I bj ■Washington State Heart A«‘?ociitfon Cnnt "No 5'~'»S ” 
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Coniioetion to tlie oxygenator was acconiplislied by peripheral canmilation. 
The largest catheter possible (usually 20 Fr.) was introduced through the left 
femoral vein into the inferior vena cava to the level of the diaphragm. For 
arterial input the right iemoral artery was eannulated in a retrograde manner. 

Systemic ai-terial pressure was measured by catlieterization of the left fem¬ 
oral arfer.v and connection to a Statham P23D pressure transducer. Re¬ 
cordings wei*e made on a Sanborn Twin-Viso and monitored on the Viso-Scope. 
Conti’al ^'onons pressure was measured with a water manometer by cannulation 
of the right jugular vein. The electrocardiogram (Lead II) was recorded on 
a Sanborn Cardiotte and monitored as neecssaz’y on the Viso-Scope. The animal 
u’as given intravenous heparin, 1 mg. per kilogram. The blood in the oxygen¬ 
ator system was lieijaadnized at 3 mg, per 100 ml. Animal temperature and 
tcmperatiire of the blood in the delnihbling cliamber were mea.sured with ther¬ 
mistor pj'obes and a Yello;\' Springs telethcrmometer. 

Ventricular fibrillation was induced using external chest electrodes. The 
Morris apparatus, capable of voltage up to 220 and impulse duration of 0.5, 
1.0 see., has been used. Evidence of ventricular fibrillation was noted by ab¬ 
sence of the apical impulse, the characteristic fibrillatory pattern on the electro¬ 
cardiogram and the immediate droj) of arterial pressure to a static level of 5 
to 10 mm. Hg'. Following tlie onset of fibrillation, extracardiac substitution was 
begun, usually within 10 to 30 seconds. Venous pH was drami at 15-mimite 
intervals. Serum potassium was detennined prior to dofibrillation in occasional 
experiments. 

After varying period.s of fibrillation, the heart was defibrillated through 
the intact chest, using large external electrodes 8.5 cm. in diameter. For this 
purpose the Elecfrodyuc defibrillator,*^ capable of 750 volts at 0.15 sec., has been 
successful. 


RESULTS AXD OBSERVATIOKS 

Technique of FihriUaiion and DefihriUation .—The electrical factors neces¬ 
sary for the induction of ventricular fibrillation in the intact animal were estab¬ 
lished largely by trial. It may be seen from Table I that there is a rough cor¬ 
relation of animal weight to fibrillation voltage. Dogs, from 10 to 20 Kg., usu¬ 
ally required 110 to 135 volts. The larger dog's, from 20 to 30 Kg., required 
135 to 360 volts at 0.5 sec. duration. An impidse duration of less than 0.5 sec. 
wJs not reliable for fibrillation and a shook of 1.0 see. was no more effective 
than 0 5 sec Although body weight altered fibrillation voltage and time re- 
qiiiremeut equallv important in the intact animal was the amount of muscle and 
fot ou the chest wall and the position and contact of the external electrodes. 
d„ tlio c..i>oscd canine Mnckay and associates' found tl.at currents of 

low v.alne and long duration tvere necessary to prodneo fitallation. Eaily uoik 
by Hooker, Ifonwcnhoven. and Langwortbr- demonstrated the case udh tvlneh 
vmtrienlar fibrillation may be cstablisbcd in the canine heart by relatively Imi 
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euiTeiits. Tliey I'ouiid that one inilliampcrc of cuiTent, applied directly to the 
vcnti'icular museulaline, \va,s snfficient to cau'ic fibrillation, and the c,\trerno 
apex was as sensitive as any other point in tho ventricles. 

For siieccNsful dellbrillation in the intact animal, dne to the sjnead of enr- 
iviil o\cr the fissne.s on oithcv sido of the fhoiviA, the eounlei’vtioek ninst he iii- 
erea.sed thiee to four times the value required for fibrillation. Konwenhoven 
and co-workers' state that 4 or amperes is necessary, while Guyton and 
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Pifj 1—Expuimont n 19 8 ilop A Introfluctlon of \t.ntHouIii nbrlllation in 

clo'te I rhest anlnnl 

/{ Vftor J hours of ventricular flbrillntion, clectiocttr.lioKiain show^ fine wfut 'wilh poo.l 
.unplitutk Alean filter! ii pitssurc of 90 inm He Mith peifuslon of r > to <0 ml/]\ b- 

f Ueflbi illation after 2»/- liotiis of total botU perfusion Prompt resumption of smus 
rhitbiu mtl exa&prerated qjstenilc arterial pressuie Mith hjpervolemia 

/} pip/lbrlil itorj electrocardlogum ami arterial presume pattern (compare to 7 ) 1 to 

5 minutis iftei tknbrlllatJon 

Z; Initi il hypeiiolcmla lostored to noiniovolemln 
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S.-ifierfiolc? ))olicvo Hi)pj'().\in){il('iy 20 iimpaivfi io be .siilislnclory. They I’oiind, jis 
lifivo olhev iiivcfiliojiiors, lluil llu; iin])ov|jin1 f.-iclor in dofibi'illation is ’llio dansily 
o( ciirr(‘ni flow lliroujfli llic lioiiid. Tlicy showocl Dial lai-f^o ('xleiaial olcalrodcs 
cauHod 1h(' f>T('alcsi dcnsily of cun-ont tlu-()uj:,di llie licarl, foi- a givon vo]1ag(>. 


TA)ii-i! ]. Ei,i;CTiiirAa Fact'oisk in OaoKUi) OansT Cakkiac ErimiaaA'i'roN 


and 7)KI'IIIItIDr,AT;ON 


r.xrr.itiMnNT 

wi.’fm/r 

(KO.) 

stiiii'nmn.i.ATiON 

j’limiM.A’rioN 

Dcrnaimi/ATJON 

0 

17 


0.5 FCc. 11 Ov. 

0.15 Hcc. 250v. 

7 

.'i‘l 


0.5 HOC,. ia5v. 

0.15 .H(>c. 550v. 

8 

14 


0.5 Hco. 1) Ov. 

0.15 sec, 550v. 

n 

22 

0..5 Hci'. nOv. 

0.5 HOC,. i;i5v. 

0.15 see. 050v. 

10 

10 

1.0 HOC. 85v. 

0.5 HOC. 1.'(5v. 

0.15 HOC. 550 V. 

n 

10.2 

0.5 HOC. 1.'{5v. 

0.5 sec. IfiOv, 

0.15 HOC. .550 V. 

12 

24 


0.5 W’c, lOOv. 

0.15 HOC. 550v. 

la 

19.8 


0.5 Hcc. lOOv. 

0.15 HOC. 550 V. 

M 

14.5 


0.5 H(‘c. lOOv. 

0.15 .Mcc. 550v. 

29 

20 


0.5 HOC. i;!5v. 

0.15 HOC. 550v. 


Following llio classic; studies of Wiggers," many workei’s liave employed 
serial dcfibrillation in the open lieavl. However, Guyton and Satterfield found 
tbo average dog could usually be defibrillated tlirougb tbc nnojxmcd ebest, with 
a sitiglc shock of KiO volts, fiO cycle alternating current, and a shock of 220 volts 
was effective almost, witbouf fail. Onr studies .showed moi’c consistent }■<■,suits 
Avith a single shock of higher voltage of 440 to 550 volts at 0.15 sec. This initial 
shock must, ))0 adccpiate to produce asystole, following which a faltering and 
then improving sinus rhythm develops (Fig. 1). 


JUfee/ of Eleciric (hu-renl on Ihc Jleorl. —'J'he dangc)-,s of j)roducing burns 
with the use of high voltage on the ex|)o.scd heart ai-e ai)])arent. ICaiser and co- 
workers,’'* using 150 to 230 volts at. 0.1 and 0.25 sec., respectively, on tlie open 
heart, found microseo])ic, burns in the myocardium of all dogs. However, only 
on those with the higher voltage and longer dui'ations wei’e the burns visible 
grossly and considered to be .severe. Kii'by and associates” rej)orlcd siinihir 
findings. With a dcfiln-illation .shock of 220 volts, when the duration of the 
stimulus was increased from 0.1 to 0.5 .sec., the hearts exhibited gro.ss burns. 


Although greater voltage is necessary when count or,shock is applied through 
the intact cln-st, it appears that the likelihood of damage to the heart is de¬ 
creased.’’- Using a single countershock of 550 volts at 0.15 sec., no evidence of 
burns was seen on the .skin, che.st wall, or heart of any of our animals. 

Three of the animals Avbich suiwivcd 1 to 3 hours of fibrillation and stib- 
sefiuent, defibrillation without. se(iuelae wei-e .saci-ificed fi-om 2 to 3 months after 
the pod’u.sion foi- examination of the heart. Gross examination i-cvealed no 
evidence of scarring or healed burns of the ejneardium ov jriyocardiurn. Jiow- 
evei’, histologic study'’ of random sections fro)n the a})ex, se])tuni, and base 
•showed seattei-ed focal and ])erivascular hemorj-hages (Figs. 2/1 and 2/}). » 

one of the hcart.s there m several areas of actual .subendocardial infarction. 
]n the,so lesions, there was gi-adual replacement of degenerating muscle hhers 
by pi'oliferating granulation ti.ssue. Occasional foreign body giant cells neic 
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sccii. In the atiseiicc of sui-l'aeo tmnis and duo to tlioiv suhendoeai'dial loentiiui, 
it. was thouglit those ohaupios wore most likely tlio i-osiilt of hypoxia. Tlio heart 
ot a fourth animal which died 2-t hours after a 3 hour and 20 minute lu'uod 
of perfusion showed pross areas of sutiO|>icardial hemorrhiii^e as well as focal 
interstitial hemorrhage lietween muselo fillers consistent with a<mte hyimxia. 
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tij?. 2.1.—f Photomlcroprap}0 Do^,- No. 7 s.'icrlflce<l at 2 montliH riflor purfiiHlon. Heart proftHly 
normal. Scattered focal and perivascular heniorrlMiKe fX220; retluecd 


Perfusion .—The vertical, sill steel Inibhie oxyjronator used for extracor¬ 
poreal support in this study lias been previously' described.’^ Tlic inininiiim 
porrii.sion rate necessary for proloii'ccd support. oi‘ the fibrillatin" lieart and 
siibscciuont dcfibrillation and survival tvas' unknown to us at tlio .start of this 
work. From oxistin<r date, it was tlumglit that How rates varying from 45 to 
70 c.c./Kg./min. should be adetiuatc to maintain circulatory requirements. 
Based on tiic known values of cardiac outptit for dogs'’'* as the maximum de¬ 
sirable flow, and tlio report of Panetli, Lillohei, and oo-workei's''^ indicating tlic 
minimal tlotv reijuircnient (o prevent metabolic acidosis, we obtained inddonite 
flow rates (Table II). * ' 
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venous net„„. via the single peripheral femoral vein was (“Travt^ts: 











N' 





Fig. ZB .—Dog No. S sacrificed at 6 weeks, 
-ion of muscle fibers with gradual replacement 
■educed %). 


Heart grossly normal. Patchy degenera- 
by proliferating granulation ti.ssue (X40; 


Table II, Proloxged Ventricular F3rill.\tio.\' 


EXPERIMENT 

At’ERAGE PERFUSION 
RATE (ML./KG.) 

WUKATION 1 

SURVIVAL 

6 

50 to 60 

41 min. 

ICormal 

7 

40 to 44 

42 min. 

Xomial 

8 

60 to 64 

1 hr. 24 min. 

Normal 

9 

50 to 54 

51 min. 

Normal 

10 

40 to 50 

25 min. 

Normal 

11 

70 to 80 

1 lir. 46 min. 

Normal 

12 

50 to 60 

3 hr. 

Normal 

1.1 

65 to 70 

2 1/2 hr. 

Normal 

14 

50 to 55 

49 min. 

Normal 

29 

45 to 55 

3 hr. 20 min. 

Died 
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than ]ialf t)ie volume ohtiiinocl by central canmilation and caval occlusion. 
Utilizing a double peripheral return from the .iugulai' and fcmoi'al vein.s failed 
to add enough flow to warrant i-ontinc use. Gravity flow was unsafisfaetory 
in maintaining whole body perfusion uith peripheral canmilation and the heart 




Fig. 3—Experiment 8: 14 Kg dog. A, On««et of \entricular fibrilHtlon foIloneU by 10 
sec. of asystole (not shown). Ftbrillatoo pattern beginning ^\Uh establishment of perfusion. 

i». Successful Initial tleflbnllatlon after 1 hour and 24 minutes Immediate resumption 
of sinus rh>thm and peripheral pressure pattern Change from 180/110 mm Hg to 110/80 
mm Hg represent*! blood \ojumc adjustment. 

in fibrillation. 'Witliin several minutes of the beginning of perfusion the avail¬ 
able venous return would seek its own flow level. Right heart pressure usually 
stabilized at G to 9 cm. of water. Best results in i caching a steady .state wore 
achieved when e.vtracorporoal perfusion was begun witliin 20 to 30 .seconds of 
the onset of ventricular fibrillation (Pig. .3) Further delay in cstahlishiiig 
circulation profoundly affected the available venous return. AVhether the elec¬ 
tric shock produced a peripheral vascular dilatation, allowing pooling in post- 
arteriolar vessels, or the venous nin-off permitted pooling in certain venous 
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reservoirs, was not apparent. In the average rnn, a state of oqnilibrinm was 
spontaneousiy established in wliich little or no adjustment of the pump speeds 
was necessary to balance the circulation during the 1- to 3-hour periods. 
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Pig. 4 .—E.vperiment 7; 34 Ivg. clog. A, Preflbrillation electrocardiogram and arterial 
pressure. Induction of ventricular fibrillation and prompt establishment of pump pattern on 
arterial tracing. 

B, Constant fibrillatoiT pattern at 30 minutes. Mean arterial pressure from SO to 1-0 
mm. Hg at perfusion of 40 to 44 ml./Kg. 

G, External deflbrillation after 42 minutes. Postfibrillation electrocardiogram and blood 
pressure similar to prefibrillation values. 


With flow rates, which were equivalent to one third to one half the animal s 
normal cardiac output, the mean arterial pressure varied from 80 to 100 mm. 
Hg (Pig. 4). Some animals exhibited a nearly normal blood pressure at these 
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low flow i.itis, wlioie.is ollitis niaint.uned le\cls iiom GO to SO mm llg It was 
lound tlml tlip ])iincii).il (litoiminant of iii<an blood pKssuio was not flow latt 
but total pciipliei.il lesistanu ' 

llxochcmuttl Vliiiucja —Tin. blood tahiis iiiciduit to oNtiaeoipoical supiioit 
with tins paituul.u owfrotiatoi woif itpoitid picmoiisU Dcttnled studies 
ol blood elicmisti\ oi clottin<r l.ictois wote not a pait o1 tins woik Foi cnalu 
atioii ol the luotabolu. state <iitci pioloiifred pcilusiou \(nous pll was dctei 
nniu'd at intei\nls duiiufr seteial ol the e\peiiimiits TIk itsults aic gntu 
m I’lo ") It luai be sren that lu most luiis the \tnous till lemamtd within 
at.inh eoustaiit laiipc A tumulatixe aeidosis was oec.istoiialh seen and usii 
alh Ksimnded to .1 slt^lit iiRieiisi in o\\<;en flow oi ptilttsioti late, 01 both 
In the last anim.il ol the sen ics, an ifioit was made to CNtend the pcifusion pe 
nod bcxotid .1 houis At I hoitisaiid 20 minutis although initial defibiillation 
wa' suceessfitl, the .ninual esiiiicd in 24 lioiiis Kexu'w of the pH lewealed a 
luailud aeidosis with the lowtst xaltie 111 the senes The abseme ol rinbial 
actnitx piioi to de.ith sit^^ftcsled tli.it the low flow late icsiilted in itiebial 
hxpONia 



^ ijiij of |)H xaliio (luiinff pix lUirllldtlon cxpoiiniontM w itli total 1)0 ly peifupion 

llroken line InillCHtes acute iichIocIs of the sinple noncurvolnif animal 


It h.is been icpoitcd that the hbi dialing: lieait loses potassium In the 
twisted dog he.nt iicitused with LocKe’s solution, Kelias .iiid IIooKei’" noted 
tie m,a\]mum xaluo ioi potassium .nt Y: 1 niimite attei the onset of fihiiila 

tioii Values at 3 to 4 niiiiutcs olten showed a letuni to piefibiillation lex els 
tti 0111 studies, isol.itcd dotciiiiiiiafions of stiuiii potassium taken at inteixals 
during sexoial ] and ‘5 Iioui fibiillation luiis xxeie uiiolmiiged tiom coiitiol 
X allies 


(^oxhttc Aclit:itij nxiitiuj tiiul Aftei rmliiciihii rxhuUatwn—Vx-xox to the 
Hotelopment of e\tiaeoipoic,i! piiniii oNxecnatois, no diicet mtasiiies wtie 
ax.ailahio foi the suppoit of coioiiaix fncnl.itioii dm mg xentnculai fibiillation 
otkei th.ui eaidiae massage Obscixatioii ot tlie electioeaidiogi.im ioUowiiig 
tie onset oi xentnculai fibiillation shows a fine, lapid, fiemulous p.aUeni of 
about 400 to 500 trequeiieies pel minute AVitlioiit massage, clucct Coronal} 
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perfusion or oxygenator support, tjie fibrillation pattern disintegrates until 
progressive anoxia. After 3 to 5 minutes, the fine wave gives way to a slow 
coarse wave of low amplitude, terminating in complete arrest. Experimental 
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Kig. 6.—Experiment 12 ; 24 Kg-. Dog. A, Closed chest induction of ventricular fibrillation. 
Ten to 12-s6cond interval (not shown) prior to appearance of frank fibrillation and peripheral 
pressure (pump pattern) A'. 

B. Essentially unchanging nature of ventricular fibrillation from C, hour to hour sug¬ 
gesting satisfactory myocardial oxygenation. Hlean arterial pressure SO mm. Hg, perfusion 
50 to 60 ml./Kg. 

D Electric defibrillation after 3 hours of extracardiac substitution. Countershock is 
followed by asystole and gradual resumption of sinus rhythm and prefibrillatory pressure 
tracing. 


studies by Seniiiiig'® with prolonged fibrillation in the norniothermic, open 
chest animal sliowed that the fibrillatory pattern was unchanging during oxy¬ 
genator suppoit. Our findings were similai' to those of Senning in that the 
wave pattern was consistent as long as mechanical difficulties in the sjtstem did 
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3iot intervene (Pig. 6). Coimfei'slioek mis not satisl'nctory for defibrillation 
unless thresliold intensity was sufficient to produce a.sy.stole. Stcii increases in 
voltage were occasionally necessary in tlic larger animals. Following a lirief 
asystole, a liradycardia witli varjdng degrees oC liloclc was seen. During tlie 
subsequent 5 to 10 minutes, tlie rhythm gradually resumed the iirefibrillatory 
pattern. In the surviving animals, sy.sto!ic pressure ivas maintained at tiearly 
normal levels without support. Ventilatory support was also unneee.ssaiw 11 
cerebral ccnteis had been adequately oxygenated. Spontaneous and effectiie 
ventilation began soon after discontinuance of the oxygenator. An effort was 
made to restore the animal to as nearly a normovolemic state as possible at the 
completion of the run. This was done hj’ regaining the blood level in the 
oxygenator and observing tlic effoet of hyper- or hypovolemia on the arterial 
pressure amplitude. 

An interesting and uncxjieeted finding was the presence of a regular atrial 
wave during the entii'e jjcriod of ventricular fil)rillation. Altliougli the atria 
would fibrillatc when mechanically stimulated in the exposed heart, .spontaneous 
I'hythm was immediately resumed when the atria were released. 

DISCUSSION 

In considering the dolil)erate use of ventricular filtrillation in human beings 
for open heart surgery, Glenn’® has iiointcd out that coronary flow is uncon¬ 
trolled and spontaneous dofibrillation may occur with a well-oxygenated heart. 
Although we have not seen spontaneous dofibrillation of the heart in normo- 
thermio dogs, Juvenellc,’' Swan,” Bigelow” and others observed both spon¬ 
taneous fibrillation and defihrillation during cooling and rewarming of the 
hypothermic dog. 

Senning,” in 1951, was perhaps the first deliberately to induce ventricular 
fibrillation during total body jjcrfusion. This suggestion was advanced in an 
effort to obtain cardiac standstill and to avoid coronary or cerebral air embolism 
during intraeardiac .surgery. In a subsequent monograph, .Senning reported on 
many aspects of ventneular fibrillation. Using a modified Crafoord-Andorssou- 
Bjork disc oxygenator and central cannulation in the open chest animal, ho was 
able to support the nonnothormie fibrillating heart for jirolongcd periods with 
suceo.ssful dcfibrillation. 

In a similar study but utilising hypothermia with ])criphcral connection of 
the femoral vessels to the oxygenator, Juvencllo and co-workei-s^* were able to 
support the fibrillating Iicaii up to periods of 3 hours -with subsequent defibril¬ 
lation. Both Senning and Juveiicllc were able to demonstrate that this ar¬ 
rhythmia is innocuous providing there is j)ropcr cardiac oxj-genafion. 

In the absence of a ma.ssaging action by the contracting muscle, eoronaiu- 
flow may fluctuate to below or above normal values. .Studies of oxygen con¬ 
sumption during fil)rillation have been contradictory. Senning reported no 
significant difference in the fibrillating state as compared to the nornudly beat¬ 
ing heart. On the other liand, Paul and co-workcr.s=‘ found slightly less oxygen 
utilization, while Green and Borbei-” demonstrated an increased o.xygon con¬ 
sumption. 
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The ease of defibiillatioii, botli experimentall.y and clinically, while the heart 
is supported by the pump-oxygenator suggests the metabolism of the fi])ril]ating 
and conti’acting heart is similar. As the oxygen I'cqniremcnt is certainly gj-eater 
during fibi’illation than lor the lieai't in chemical oi* anoxic asystole, successful 
dcfibrillation and normal survival after prolonged cxtraeo)*poroal substitution 
may indicate the effectiveness of a pai’ticular oxygenator and perfusion rate in 
meeting myocardial and cerebral demands. 


SUMMARY AND CONCLUSIONS 

1. Prolonged substitution for the fibrillating ventricles has been accom¬ 
plished in the closed chest animal by total body perfusion with a bubble oxy¬ 
genator. 

2. Defibrillation with electric eountenshock and restitution of sinus rhythm 
could be sueee.ssfully achieved after long periods of fibidllation, providing the 
oxygen requirement of the myocardium is sati.sfied. 

3. Coronary perfusion is neee.ssary for myocardial support dui'ing the 
fibrillatoiu' slate. 

4. Since deliberate ventricular fibnllation eliminates both the greater and 
lesser circulation, .successful total body perfusion requires an efficient pump- 
oxygenator. 

5. The controlled fibrillatory state is a useful experimental method for the 
study of hemodynamic phenomenon in the central circulation and the produc¬ 
tion of partial or total cardiogenic .shock. 
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COMPARATIVE EFFECT OF 15 PER CENT POTASSIUM CHLORIDE 
AND 30 PER CENT POTASSIUM CITRATE IN RESUSCITATION 
FROM VENTRICULAR FIBRILLATION FOLLOWING 
ACUTE MYOCARDIAL INFARCTION 

An Experimental Study 

Fred Wasserman, M.D./* Mark Wolcott, ALD.,** Curtis G. Wherry, 
M.D.,*** and Leonard Brodsky, M.D.,'*'**'* Coral Gables, Fla. 

T herk have been relative)}'’ few experimental obsoiwations on resuscitation 
of the heart following acute eyocardial infarction.’®-Previous 
work by one of us (F. W.) has demonstrated the i-elative effectiveness of 15 
per cent potas.sium chloride in converting ventricular fibrillation to ventricular 
standstill in normothennie laboratory animals following acute myocardial in¬ 
farction.” The restoration of coordinated eardiae beating occurred in all of 
these animals with variable difficulty. Othei- investigatoj-s have shown that 
15 per cent potassium chloride would promptly convei-t ventricular fibrillation 
to ventricular standstill in deeply hypothermic laboratory animals without 
acute myocardial infarctions”; in the.se .studies i-e.stoi-ation of cardiac beating 
was appai-cntly accomplished with greatei- facilit}^ using concenti-ated Ringer’s 
lactate and molar sodium lactate. 

Interesting case reports in the recent literature give dramatic testimony to 
what may be accomplished with active resuscitation attempts.^- ” We 
believe as othens’-that many deaths from acute myocardial infarction are 
“electrical” rather than “muscular,” and it is this belief, supported in part by 
earlier observations in the experimental animal, that provided the impetus for 
the pj-esent study. 

The purpose of this paper is to report on the relative efficacy of 15 per cent 
potassium chloride and 30 per cent potassiiim citrate in eoin'erting A'cntriculai' 
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fibiillatiDti to \(iitiicul.u .standstill folliraing .unto injocaidial infaictioii in 
the expenmental animal The iiltiin ite aim of this efloit is to st,indaidi/e a 
piotediiie 11 Inch tan he instituted iiith siiffieicnt case and fieqiuncj to lustifi 
oiganii'ccl and iigoious cfloits in attempts to lesuscitatc patients dung fiom 
coioiiai-y aiteiy disease 

iiMiiOD \\D II irraiii 

Foity nioiigiel dogs neighing hctiieeii I'l and 40 pounds iieie studied 
The tjpical animal ivas lightlj aiusthctiaed iiith pciitohaihital sodium and 
giieii positiie iiiissuiL an and/oi oxjgeii tliioiigh an eiidotiaeheal tiihe, 
both meelianical lespiiatois and bagging pioeediiics iveii eniplo 3 ed Laeli 
expoiiment was pcifoimcd utilis'ing stiict aseptic tcchiiique The chest iias 
opened nitli a tiaiissteinal incision to enhance exposiiic Hemostasis nas 
eaicfiilb^ maintained The ftmoial artcij nas cinnulatid foi the nithdiaival 
of blood specimens (pH, seiiim elcctiohte and chemical deteiminations) and 
the lecoidiiig of aitciial blood picssiiics Contimious clcctioeaidioginms 
and suiiultanooiis ai tonal piessuics iicic lecoided on the Sanboin Tiiiii 
Visocaidictto The fonioial leiii nas eanmilated foi the admiiiistiatioii of 
lanous dings The anteiioi dcseeiiding biaiich of the loft coionaij aiteiy 
nas ligated nitli a 1 0 silh sutiiie OT cm distal to its bifuicatioii Electio 
eaidiogiaphie tiacmgs neic folloncd until the changes chaiacteiistic of an 
acute nilocaidial infarction netc obsiiicd Siibscqiientlj', iiiitiiciilai fibiilla 
tion eithei (a) occuiied spontaneoiislj nitlnii 10 to IT minutes folloiiing the 
acute iiifaietion oi (h) nas induced bj olcctnc slioeh (50 to 150 lolts) applied 
diiocth to the heait, utiliriiig a dcfibiillatoi Ibitioatod iciitiieulai fibnlla 
turn ooouiiiiig undei these ciicumstancos nas iiieicisiblo 

Immodiately aftei the onset of leiitnculai fibiillation 20 animals ncie 
tieated nitli 15 pei cent potassium chloiidc to induce ventiiculai standstill 
and 20 animals iveio giien 30 pci cent potassium citiatc The effect of the 
nitiaeaidiac adimnistiation ot hipoitonic potassium (into one oi both len 
tiieles) nas coinpaied to the administiation of the solutions into the piosimal 
poition of the cioss clamped aoita and into one oi both lentiieles nitli the 
aoita Cl OSS clamped 

rollonmg the administiation of potassium, slon caidiac mass ige (30 
to 50 per minute) nas initiated until the cicctiocaidiogiam demonstiated 
eomersion of the loiitiiculai fibiillation to aciitiicnlai standstill The elifec 
tneness of blood flon in the laigc aiteiies could loiighlj be gauged hr the 
piessuie lecoidmgs fiom the fcmoial arteiv With the onset of lentiieulai 
standstill, eatdinc message nas siieedcd to 70 to 100 tunes pci miiuitc, and 
one molai sodium laet iti nas administcicd intiai(nouslj and occasional^ in 
small amounts (up to 20 c e ) into the hcait The total amount adimnisteied 
langcd fiom 30 to 3i0 ce (sec Table II In eaih animal studied lepcatcd 
episodes of \cntueulai fihiillatum neie teiimnated nith hjpcitonic potassium 
ehlonde oi potassium citiatc, depending upon nhieh agent nas being studied 
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^vlth that particular animal. Restoration of cardiac beating following each 
episode of ventricular fibrillation in the same animal was approached, utilizing 
a method similar to that employed for the initial episode. Where cardiac 
message or spontaneous eai'diae beating appeared to be unable to maintain 
a satisfactory level of arterial pressure, vaiying concentrations of intravenous 
1-norepinephi-ine were administered. Following successful restoration of 
cardiac beating and return of the blood pressure to near normal levels, the 
chest was closed with wire stay sutures a7id silk, and the animals were gi-ad- 
ually weaned from the artificial respirator. The femoral cathetei's were sub¬ 
sequently i-emoved, 10 to 15 minutes following the appearance of noianal sinus 
rhjdhm associated with a normal or near normal arterial pressure. Post¬ 
operative animals were given intramuscular crystalline penicillin and strep¬ 
tomycin. No intravenous fluids were administered in the postoperative pmiod; 
the animals were, however, allowed to eat and drink ad libitum. Frequent 
samples of blood for pff and serum electrolytes were analyzed using standard 
laboratoiy procedures to compare the electrol3qe, chemical, and pH changes 
with 15 per cent potassium chlmlde and 30 per cent pota.ssiuni citrate induced 
arrest. 

RESULTS 

Ventricular fibrillation, complicating acute myocardial infarction, in the 
experimental animal represents an irreversible terminal mechanism. 

Changes in AvtcnaJ pH, Serum Electrolytes in Chemistry .— 

1. 15 per cent potassium chloride: Two 5 to 10 c.c. intracai'diac ijijections 
of 15 per cent potassium chloride wore given to teianijiate each episode of 
ventricular fibrillation. The total amount of potassium chloride administered 
was equallj’" divided between the right and left ventricular cavity when in- 
tracardiae injection was studied. When the aorta was cross-clamped the 
total amount was given into the proximal portion of the aorta. It appears 
that conversion from ventricular fibrillation to ventricular standstill was 
accomplished with equal facilit.y with both methods of administration. The 
total ainount of potassium chloride required to induce ventricular standstill, 
following each episode of ventricular fibrillation, averaged 15 c.c. (see Table 

I). 

Electrolyte and pH changes: The serum potassium concentrations attained 
their maximum immediately following the administration of potassium chloride. 
These vciy high levels (required to produce ventricular standstill) ranged 
from 8.4 mEq. per liter to 40.5 mEq. per liter. With the restoration of caidiac 
beating, high serum ])otassium levels fell precipitously, usually Avithin » to 
15 minutes, to levels ranging from 4.8 mEq. per liter to 10.8 mEq. per liter. 

As the effectiveness of cardiac beating improved, elevated serum potassium 
concentrations gradually returned to IcA^els near normal or only slightly higher 
than normal (6.9 mEq. per liter). 
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Suliscquoiit (pisodes of \ ciitiiciilat fibiiH.itioii, teiimiiaftcl with potassniiii 
thlondo, vveie lolloutd !)> an abiiipt elevation in tlie smnn potassnim, nsuallj 
to a conecntiation shghfh nnne than that ohsentd foiloning teiimnation 
of the initial episode The seiinii ehloiide level ahoned a niaiKed inciease as 
a icsult ot the livpeifonic potassium thioiide aiiest (paiallcling the seiuni 
potassium) 'Jhe seium sodium eoncentiation giadiiillv ineieased following 
the nitiavenous adnnnistiation of inolai sodium laetafe and icaclied its zenith 
touaid the end of the o\peiimcnt MaMiiinm siium sodium levels langcd 
ftom 138 mllei pei litei to 216 mC(( pei litei 'I’lu scium calcium level do 
eieased slightly thioughout the e\pe iiiiunt, the love lange heiiig 82 mg pci 
cent to 87 mg pci eciit 'I’he eaihon diONide comliiiiiiig povvei decieased 
almiptlv following iiielueed eaidiae aiiest (Tig \It) and subseciuontl} le 
tuincd to iieai noimal levels The aveiage tall was 14 mllii jiei litei Tlicie 
was no significant change in the seium magnesium eoiiientiation 3ho aiteiial 
pll tell sigiiitie iiitlv 'I’iu most ibiupt fall oeeiiiied immediatelv nftei the 
aelmiiiistiation of potassium ehloiide and in geneial (Oiiieidid with the onset 
of vciitiioulai standstill Subseeiuentlj', the blood pll eithoi lomaiiiod low 
Ill spite oi the adiiimistiation of molai sodium laetatc, oi was decieased 
hiithci bv an unlviiowii, appaieiitlj pataelo\ieal, meehaiiism The aveiage 
tall of the aitdial pll w,is 0 32 Fig 1.1 and 12> show the significant mean 
ohniges in the seium sodium jiotassinm laiboii dio\ide oombining powei 
and aitenal pJl oceuiiiiig dm mg the piocedine 

2 30 j)ci cent potafsmm ciitatc In 20 aiiniials studied with 00 pei cent 
potassium eitiatc aiiest the most etfcctive method ot admiiiistiation appealed 
to be eepnl division of the total amount into both the light and left vcntiicle 
The total amount ot pot.issium citiate leqiiiieel to iiidnee veiitiieiilai aiiest 
(standstill) laiiged fiom 4 c c to 32 e c 

Eleetiolvtc and pll changes In geneial the ehaiigcs in the seium elcctio 
Ijtes eoiiesponded to those obscivcel following hviieitonic potassium ehloiide 
with scveial CNceptioiis The seium ehloiide level lemaiiicd csscntiallv un 
thanged following pot issiiim citiatc aiiest, and the ineiease in the seium 
potassium level w is nevei as maiKeel as that obseivid following potassiiiiii 
ehloiide aiiest 3'he ma\imum stiinn potassium coiicentiatioiis langed bo 
tween 101 and 19 6 iiiEq pel litei The eaiboii elioNide coinbmmg powei 
decieased slightl) thioughout the pioccduie (as with potassium ehloiide), 
and the seium calcium eithci lemained unehaiigcd oi decieased slightlj, 
following, and piobablj as a lesiilt of, the intiavciioiis sodium hetate theiapj ' 
There was no appaiont change in the seium inagiiosuim fnmpaiative mean 
clectiolv te and pH elnnges aie shown in Figs lA and III 

Effect of IS Pei Cent Potaistiitn Chlontlc and oO Pet Cent Potaisium 
Vitiate on liciiiccitntion Piom Yentncidai Pibiittulion — 

The mean iiumbci ot episodes of ventiiciilai fibiillatioii using hjpeitoiiie 
Iiotassium ehloiide aiiest was 5, with hj pei tonic potassium eitiate aiiest, this 
was 1 educed to 3 
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In .)9 ol ilio 40 animals sliidind, liu* intracardiac administration of 
both Jiyportonid iiolassinm solutions convened tlie vontrienlar tiln-illation to 
venlricniar standstill; one animal died an anesthetic death. In general, hyper- 
tonie ])otassiiim citrate a{)pearcd to he more etTeetive in that ventricular 




No K 

Klf;', 1.1,— -— K Ol I.IVp. ---- - K citrate HO'Jr. .1, Before oreninK- chesst. 7L Canliac 

nrro.«t. C, Rostoratlon of canliac action. P, End of procedure. 




icj- 1 /;__ ic Ol .K citrate SOOr. .1. Before oponinKr chc.«t. B. Cardiac 

;,rro.'it. C. Uo.storation of cardiac action. B, End of procoduro. 

standstill occurred more pi’omptly and with gi’cater lacilitA': the tcndenct to 
tlevclop nudtiplo eiiisodes of ventricular fibrillation was reduced Atith ->0 pti 
cent potassium citrate (Tablet). 

In H) of the 40 animahs, avc Avere able to restore the heart to normal sinus 
rhythm and the blood prcssui'c to normal or near normal ranges (1 is-- -)• 
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Twelve of these siihseejiiently died while the chest ^vas being’ closed Six oi 
the 12 animals died as a result of the following diffieultics, henioirhago (1 
dog); appaicntly inevcisible damage to the lespiiatoiy center (manifested 
by an inability to lesume bicathing spontanconsly [2 dogs]); trauma and 
laeeiation of the myocaidium incident to massage (2 dogs), and inadequate 
pulmonai-}’ ventilation following elosuic of the chest (1 dog) Seven animals 
survived the entire pioeedute, living liom 1 houi to fi months The heaits 
of these animals weio .subsequently examined giossly and mieroscopically. 

In the lemainiug 20 animals, normal sinus ihythm ncvci became le- 
cstablished. In many of these, an ainieuloventiicular nodal rhythm or a 
transient leturn to noimal .sinus ihythm uas obseived. folloning which re¬ 
peated episodes of ventiieular fibi illation .signified the end of the o.xpeiiment 

Pathologic Examination of the Ihcart .— 

Pathologic examination of the licaits at vaiying jiciiods of time follow¬ 
ing .successful cardiac ic.suscitation showed either the change of an acute oi 
ehionic myocaidial infaietion In an animal sacrificed after suiviving B 
months, the laige anteiolateial myocaidial infaietion lisualired dining the 
acute procedure had healed so that only the ic.sidual changes of a .small trans- 
muial aiea of fibiosis in the anteiior wall of the loft ventiiculai myoeaidium 
was demonstrated histologically 

mscussroN’ 

Ibevious expeiimcntal work had demonstiatod that in spite of an acute, 
appaicntly extensive, mj'ocaidial infaietion, 3 out of 4 animals studied with 
tciminal ventiieular fibrillation wcic ultimately restoied to a suprai entiicniar 
rhythm with noimal or neai noimal blood pressuies" In the piesent study, 
performed utilizing stnet aseptic technique, earlici obsei vatioiis (using 
hj'pcitonie potassium ehloiidc) sveie lepeated and compaied with hypeitonic 
potassium citiate ariest Fiom this studi' it appeals that 30 pci cent potassium 
eitiate is supciior to 15 pei cent potassiiiiii ehloiidein eoiiveiting ventiiculai 
fibiillation to eaidiac standstill Induced potas.sium eitiate aiicst lesulted in 
less scveic potassium intoxication which ajipeaied to bo moio readily leicrsed 
by treatment with molar sodium lactate’ Appaientl 3 ' unde.siiable hj'per- 
chloiemia obseived with potassium ehloiidc was not piesent when pota.ssmm » 
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Pig 2 —Aj Contiol (Lead II), siniui aneous aitenal pies'suie is 120/SO nun Hg 

Bj Fust half of lecoid taken 10 minutes after ligation of the anteiioi descending 
coi onai j artei j shon s RS-T segment ele% ation of the t\ pe seen in acute coronarj artei \ 
occlusion Tiie aiterial piessuie is 124/60 mm Hg From X until the end of the record 
note the chai actei istic high take-off of the RS-T segment accompanj mg the acute mj ocardial 
infarction The pressuie has fallen to 84/44 mm Hg 

C, Thiitj' minutes after acute coionarj ligation note the conduction distuibance at A' 

D, Foity minutes following acute coronar^ aiteii occlusion at 2 30 pm, \entricular 
flbiillation Mas induced bv apphing electrodes to the ventricles and administeiing a single 
50-\olt electric shock 

E, Fort\-fi\e seconds afte' See of ilO pei cent potassium citiate had been given into 
both ventricles, ventiiculai fibrillation has been, conveited to ventriculai standstill Cardiac 
massage was started (at a rate of 100 pei minute) Note the appaient effectiveness of 
.arterial flOM' as recorded by a cathetei in the femoral aiteiv 

F, Thiee minutes aftei ventriculai standstill, note the onset of electncal activitv at A 
with widened, bizaiie QRS complexes Intravenous molar sodium lactate has been started 
at a I ate of "> cc per minute 



iul - li 
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FIS' 9—Cont 1 G Fi\e niinutPs after r follouinp n total of -lO cc of molar sodfuni 
lactate there is piOfrre'*si\e nan owing of the QRS complexes and i siiggc'^tion of restoration 
of auricular acti^ltj (P) Cardiac massage has been continuous 

TneUe n mutes after \entrfculnr standstill the OR'? complexes hi\e narrowed to a 
near normal width Note the effects (\) on the arterial pressure of discontinuing cardiac 
11 

I Fifteen niinutes after induced aentncuHr ancst there is a letum to normal sinus 
rhythm The arterial pressure is being suppoited with t \ei> slow intravenous drip con 
taming 1 ampule of 1 norepinephrine dilute I in 40 cc molar sodium lactate 

J Twentj Am. minutes after ventricular standstill tiere is spontaneous effective cardiac 
beating (Without massage! Tie arterial pressure Is iialntimel at 110/60 mm Hg wit! 
out massage or diugs The QRS complexes are low in amplitule The T wave is inverted 
and the QT interval appears prolongel for the heart rate (approxlmatelj 1^0 per minute) 
K One hour an I thirtj minutes after death m ventricular fibrillation the ai eiial 
pressure is lOO/GO mm Ht, The chest las been closed an 1 the animal lia« resume! spon 
taneous breathing 
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citrate was used. The paradoxical observation that the artei-ial pH continued 
to remain low with both hypertonic potassium solutions, even after I’cstoration 
of effective cardiac ])eatins', is difficult to understand; paj-tieulai-ly aftez- rather 
large amounts of a mild allcalizing solution (sodium lactate) had been given. 
In the hope of clarifying this, wo are at the present time studying the carbon 
dioxide tension in the plasma. 

Changes in the serum calcium probably reflected the use of varying amounts 
of sodium lactate intz'avenously as has been previously noted.^ This decrease 
in the serum calcium would appear to increase the cardiotoxic effect of even 
a slight elevation in the serum potassium concentration, and we should like 
to be able to prevent this. Earliei- studies have suggested that calcium is 
useful in hearts arrested by potassium.®- In our experience, however, it 
seemed difficult to quantitate the amount of calcium which was helpful and 
the danger of ovei-dosage f recurrent ventricular fibi-illation) limited its usage. 

Pressive Changes.—The persistent acido.<sis might explain the tendency 
for some of the animals to remain mildlj'- hj^potensive even following the re- 
tin-n of a normal sinus mechanism (electroeardiographically) with apparently 
forcefizl, effective, mechanical cardiac contractions. In these animals, the 
combination of 1-norepinephi-ine and molar sodium lactate often successfully 
restored the blood pressure to normal or near noi-mal levels. One might an¬ 
ticipate such a reaction as a result of the observation that alkalosis appears 
to enhance the effectiveness of intravenous vasopressor agents.'^ 

In the animal surviving longest (6 months), an interesting, perhaps super- 
fluoxis, observation is the fact that this dog delivered a litter of 4 appai-ently 
normal pups approximately 5 months after successful cardiac resuscitation. 

Prom our observations it appears that one can anticipate occasional long¬ 
term sui'vival animals with a standardized resuscitation attempt utilizing 30 
per cent potas.sium citrate to induce vcntrieulai- ari-est and a combination of 
cardiac massage, molar sodium lactate, and 1-norcpinephi-ine. Further stzidies 
have been initiated to elaborate on these ob.servations. 

SUM MAR V 

Thirty per cent potassium citrate was more effective than hypertonic 
potassium chloride in converting otherwise irreversible ventricular fibrillation 
to ventricular .standstill in normothermic laboratory animals with acute myo¬ 
cardial infarction. Continuous eleeti-ocardiograms and arterial pressures were 
i-ecorded throughout each procedure and serial electrolyte, chemical, and pH 
changes were studied and are discussed. 

Of the 40 animals included in this report, 7 survived and were observed 
from hours to months following successful cardiac resuscitation. 

Some of the problems encountered in this study are presented. The need 
for further experimental observations in organized resuscitative attempts 
following death from acute myocardial infarction is stressed. 
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TIME STUDIES OF ACUTE, REVERSIBLE, 

CORONARY OCCLUSIONS IN DOGS 

Seiichi Yabuki, M.D.,^ Gtwiersindo Bla7ico, M.D.,** Joseph E. Imbriglia, 
ALD.,*** Lamberto Bentivoglio, AID.**** and Charles P. 

Bailey, yVLD.,***** Philadelphia, Pa. 

T he surgical management of coronary occlusion has been directed toward 
i-elief of chronic m 3 mcardial ischemia by means of a number of revasculari¬ 
zation procedures. In the past, the indirect approach to I'evaseularization 
has predominated with grafting of various tissues onto the myocardium'- - 
(omentum, lung, pectoral muscle), implantation of sj^stemic arteries into the 
heart musculature,® abrasion of the epicardium,' and arterialization,® or merely 
constriction of the coronaiy sinus, to name a few. Latelj", the direct attack 
on the constricting lesion, whether by endarterectom.y,® or b.v excision and 
replacement of the diseased segment,' has made its appearance both clinieall.y 
and experimentally. 

Once the fcasibilitj’’ of the direct appi'oaeh to the well-established oechi- 
sion is accepted, it takes but an additional step to consider the applicabilitj’- of 
similar direct measures on the acutelj’- obstructing process, that is, the emer- 
genej^ surgical treatment of the acute eoronaiy occlusion. 

An essential factor in establishing the effectiveness of such a policy would 
be to ascertain the available time during which emergenej^ relief of an acute 
complete occlusion would result in preventing death of the mjmeardium. 
Should this time be commensurate Avith the interval needed for the rendering 
of a correct clinical diagnosis, transportation of the patient to a surgical 
facilitj" and the performance of an emergencj' operation, such a policj^ Avould 
have a rational basis. 

In order to determine the critical period during Avhich emergency relief 
of the complete occlusive process Avould be curatwe, the folloAving experiments 
were undertaken. 
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ACUTE, KKVERSIHLE, CORONAliY OCCIAiSION 




-RETIIOD 

(loff.s wcip-liiiig between 12 iiiul 20 Kp. were! ano.stliefized ^vifh 
inti-aveiioii.s IVntotlial, intubated, and aftaelied to a mechanical re.spirator. 
One liundeed per cent oxyj'on was administered tliroUR'hout the, procedure. 
Tlie left common carotid artery was eanmilated and eontininnis blood ])rcs- 
sure was recorded thereby. 

A left tboracotoin.y was performed tliroug-h the fifth iiiteicostal .space. 
After incising the pericardium and .securing it to the chest incision, the an¬ 
terior descending bi'aneli of the loft coronary artery was dissected free in 

, - RISHT VBNVUWE 



its proximal 0.5 to 1.5 cm., care being taken to avoid trauma to its branches 
or to the accompanying veins. A No. 2 braided silk ligature was then passed 
around the artery and both ends were thi'eaded through a .short length of 
soft plastic tubing in order to provide a tourniquet. 

In 7 of the dogs the same procedure was employed at other sites along 
the coni'se of the antei-ior descending artery or its two main I)ranehe.s, asun-, 
dicated in Fig. 1. 
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The tourniquet was then tightened, occluding the involved portion of the 
artery completely, as evidenced by distal collapse of the vessel and appearance 
of a cyanotic area corresponding to its distribution. Stimulation of the heart 
was avoided during the oechision period, l)ut undue drying of the myocardial 
surface was prevented by moistening it with warm saline solution. 

A record was kept of the myocardial action and color, blood pressure, 
and eonditiozi of the corneal reflex. After a deflnite period, the occlusion was 
terminated, the silk ligature was removed, and the pericardial and chest in¬ 
cisions were closed. If fibrillation occurred during the period of occlusion 
the tourniquet was released and removed. Massage and electrical defibrillation 
were instituted and, after the return of a normal heart rate and rhythm and 
stabilization of blood pressure, the operation was terminated in the manner 
previously desci-ibed. 

Electrocardiogram recordings of the three standard leads were obtained 
before opening the chest, during and after occlusion, and after chest closure. 
They were repeated at the time of sacrifice which varied between 48 hours and 
14 days after the operation. 

At saerifieo, the heart was excised and examined grossly. Twenty hearts 
were examined microscopically, noting the condition of the myocardium 
supplied by the temporarily occluded arteiy, and examining the vessel itself 
for evidence of permanent damage or of postoperative thrombotic phenomena. 
The latter were reported only once. 

RESULTS 

As described under Method, the area of heart muscle supplied by the 
occluded vessel became cyanotic within 2 to 3 minutes after stalling the 
occlusion. As time went on, the cyanosis deepened and the affected area 
became sharply delineated from the surrounding normal myocardium. In 
some of the longer occlusions (over 45 minutes), paradoxical movement of 
the cyanotic area was observed with bulging during systole. After release 
of the occlusion, the distal portions of the artery Avere seen to fill readily 
from above and the cyanotic discoloration disappeared gradually. 

EibnVtohoa.—Fourteen (46.7 per cent) out of 30 dogs exhibited ven¬ 
tricular fibrillation. In 9 (30 per cent), fibrillation appeared during the 
occlusion at which time the latter was terminated. The time of onset of 
fibrillation averaged 9 minutes and 36 seconds (range—from 1 to 20 minutes). 
Five (16.7 per cent) hearts flbrillated upon release of the constricting ligature 
after a predetermined period of occlusion. One dog died. The rest were 
successfully defibrillated Avith application of cardiac massage and one or 
more electric shocks. 

Electrocardiographic findings during occlusion Avere predominantly T-Avave 
and RS-T segment changes. During occlusion, inversion of the T Avave oc¬ 
curred frequently, but in 3 dogs, Avith inverted T Avaves before ocelmsion, Ave 
obseiwed positiAm deflections shortly aftei' occlusion. Marked shifts of RS-T 
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bcgmcnts wcic noted on 11 dogs, with doptcssion in 3 and elciatiou in 6 In 
the maioiity these changes disappcaicd and the deflection letuined to the 
pi eopeiatn e state upon the i eJoasc of the constncting ligatiii e 

Elcctroeaidiognphic changes at s.iuifice (2 to 14 dajs aftci opeiatum) 
in all dogs with tompoiaiy occlusion jieiiods o\ci 45 minutes, showed eiideiice 
of sciere coronals insufificiencs oi of dtfinitt antciolateial infaiction In 
animals with shoitoi otthisiie penods the findings were minimal oi absent 
with the exception of oik dog with a 12 inimitc ottlnsion in which tlnnges 
suggestiic ot miocaidial infaietion weie lepoited This animal had siifteied 
fiom xcntiiculai fibi illation and utmed multiple eketne shoehs to lestoie 
noimal ih>thm At antopsj theic was hcmoi ihagc aioiind the aiea of ligation 
but no mittoseopic cvidcnei of infaict The pathologic changes woie piobabh 
caused bj the tiauiin incidental to the icsuscitatii e measuies 

Pathologic Changes Pollotiing Temporary Ligation —Tweiiti hcaits weie 
examined 2 to 14 dais aftci opciation Piic dogs iindcigomg oceliision of 
blanches of the aiiterioi descending coronali aiteii ioi 30 minutes did not 
show gioss OI micioscopic eiidcncc of mioeaidial ini oh ement 

In IS dogs thoie wcic definite nnoeaidnl thanges aslollows All heaits 
subjected to occlusion of tin aiitciioi descending biancli of the left coioiinii 
aiteii foi 45 iiiiiiiitcs oi nioit showed mioeaidial notiosis with laiiiiig dc 
glees of lotiiid cell mfiltiatioii oi fibioiis leplacemeiif "With one exception, 
the coioiiaij lessels wcie patent at thi time of sacnfice In this atiimil (Mo 
27) the antenor descending artiij showed paitinl occlusion with thioinbus 
at the site of tompoian ligation This obstiiietion had naiiowcd the lumen 
of the lessel to 23 pei cent ot iioimal JDcioseopic findings in dogs undei 
going oechisioiis of 30 niinutcs’ duiation oi less weic minimal and well limited 
to hemoiihages and inflaniniatoii cdl mfiltiatioii liiiaiiabli these changes 
ocelli led III dogs with iciitiieiilai fibnllation at some time diiiing the pio 
cedure and weie uiidoiibtedlj the lesult ot tiaunia duniig eaidiac massage 
and eleetnc shoch 

Peiieaiditis was lepoited in 7 dogs but appealed unielatid to mioeaidial 
damage 

DISCUSSIOX 

Oiii opeiatiie, electiocardiogiapliic and pathologic findings pai dkl the 
lepoited experiences ot otheis with this tjpc oi lasculai insult to the mio 
caidiuni 

The nieideiiee of leiitiiculii fibnllation m this gionp (4G7 pu cent) is 
lowci than has been lopmted hr Bakst ^ Oiias” oi batnk'" (CO 6 pei cent to 
78 R per cent) but highci than the 10 p<i cent ineoimtei(d bj Chaidack" 
who also used tOO pei cent oxjgeii gi'cn bi an iitifieial lespiiatoi dining 
the pioci dine 

Ihc pheiioiiienoii ot fibiillation at the time of le establishment of iiieii 
lation has been obsimd bj otheis (Blumgai-t’" and Sewell'’ and thin eo 
woikcis) and has been explained In Beck''* on the basis of a sudden change 
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in oxygen potential of adjacent areas of iiiyoearcliinn. There was only one 
death from this arrhythmia attesting to the efficacy of promi^t cardiac massage 
and electric defibrillatory shock. 

The electrocardiographic findings for this type of occlusion have been 
extensively studied and the typical T wave and RS-T segment changes have 
been emphasized by Bayley and associates,’-" Ilarris and Hussey,’'’ Rakita,” 
and Kirnura.’® It would bo interesting to determine the changes incidental 
to partial occlusion in objectively graded degrees, and by the same method 
to detei-mine the sequelae of partial occlusions from a pathologic standpoint 
inasmuch as, in clinically encountered occlusion, pailial obstructions of one 
or more segments of an artery are pi*obabIy very frequent. 

The pathologic evidence shows that a complete occlusion of a major 
branch of a coronary artej-y (the anterior de.seending in these experiments) 
is associated with death of cardiac muscle if the occlusion lasts for 45 minutes 
01 - more. This is in accord with the studies of Blumgart”’ and eo-workers 
and would vitiate the advantages of direct attack on the acutely ob.structed 
artery from the standpoint of preventing muscle death, unless such an attack 
could be earj-ied out during the “critical” pei-iod. Relief of a complete obstr-uc- 
tion might still be beneficial in reducing the irritability of still viable but anoxic 
myocardium about the central area of necrosis. 

Again, the problem of the partial obstruction and the emergency .sui-gieal 
efforts to relieve it and/or to prevent it from becoming complete is quite 
different and out of the scope of this paper. 

CONCLUSION 

A time study was undertaken to determine the pei-iod dui-ing which direct 
relief of a complete obsti-uction to a main branch of a coi-onary arteiy would 
prevent death of the portion of heart muscle sujiplied by the involved artery. 
The evidence presented indicates that a complete occlu.sion lasting for more 
than 45 minutes will produce the irrevei-sible changes chaj-acterislic of myo¬ 
cardial infarction. 


REFERENCES 


1. O’Shaughnessy, L.: An ExiJeninental ^Ietho<l of Providing a Collateral Circulation 

to tlie Heart, Brit. J. Surg. 23: 665, 1930. 

2. Garamella, J. .1., Hay, L. J., George, V. P., and .Jensen, N. K.: 

pneuinope-xj' Employing .Segmental Ee.seetion: An Experiinc 
Directional Flow .Stndie.s, .Surgery 39: 574, 1956. ,, i 

3. Yineberg, A. It.: Development of an Anastomo.sis Between tlie (.oronap' ' e.s.sol.s 

ami a I’ramsplanted Internal Hammary Artery, Canad. ^T. A. 55; J17, 194(). 
Beck, G. S.: Development of a New Blood .Supply to the Heart by Operation, Ann. 
Surg. 102: 801, 1935. 

Beck, C. .S., .Staton, E., Batinchok, IV., and Loiter, E.: 

by Graft of Systemic Artery Into Coronary Sinus, .1. 

Bailev, C. P., Hay, A,, and Lemmon, IV. H.: .Survival Aft 

_ 


4. 


6 . 


^Modified Cardio- 
ental Method With 


Reva.sculari/.ation of Heart 
A. H. A. 137: 43(i, 1948. 
ival After Coronary Endarterectomy 


K. B., Aimt, .1. B., Varco, R, L., 
of (-oronar\' Artery Disease by Endarterectomy 
Surer. Gvnec. & Obst. 103; 1.80, 1956. 



Vol 3«5 N« 1 
Julj 1959 


ACUTi:, KEVElfSIBLE, COKONAKY OCCLUSION 


45 


8 . Bakst, A. A., Costa*? ])vincii\, .1, ami Kaile\, (\ P.: AUermh^ation of the (’orouan 
Sinus for the Ile\ascularizntion of the Heart in Coroimn Arten Di<5ea«!e; Mor 
taht\ Study ^ollo^^^ng Circuinflev Coronnr\ Arter\ Ligation, ,T. Tjiouacic Suro. 
30: 57, 1055. 

0. Onas, O.: The Dynamic Changes m the Ventricles rolloMing Ligation of the Eannis 
Descendciis Anterior, Am. .7. Plnsiol. 629: 100, 11»32. 

10. Lit%nk, .T., Sidendes, L. Jk, and Viiiolicry, A. JI.: The Experimental Production of 

Coronar} Artery Insuflicienci ami Occlusion, Am. Heart 53: 505, 1057. 

11. Chardack, V'. kt, Boljan, F. .7, Olson, 3C. C., Gage, A. A-. and Farnsworth, \V. E : 

The iMortahtj Follow mg Lig.ition of the Anterior De'-cending Branch of tlic 
Left Coronari Artera* in Dogs: An Experimental Studi, Ann Sing. 141: 443, 1055. 

12. Blumgart, H. L, Hoff, H. F., Landownc, M., and Schlc**inger, If. J.: Expcnnicntal 

Studies on the Effect of Temporarv Occlusion of Coronari Aitencs m Producing 
Persistent Electrocardiographic Changes, Am. J H Sc 194: 403, l‘)37. 

13 Seivell, W. H., Kotli, D. E , and Huggins, C. E.: Ventricular Fibrillation in Dogs After 
Sudden Return of Flow to the Coronarx Arterx, Surgerx 38: 105(1, 19.55 
14, Beck, C, S; Coronarx Artery Disease: Phxsiologie Concepts; Surgical Operation, 
Ann. Surg. 145: 430 400, 1957. 

15 Bailcv’, E H,, LaDue, ,T. S, and YuK, D. .L: Eloctrocaidiographic Changes (Local 
Ventricular Ischemia and Iiipin) Produced in the Dog bx Temporarx Occlusion 
of a Coronary Artery, Slioixiug a New Stage in the Exolution of Coronarx In 
farction, Am. Heart .T. 27: 1(>4, 1944. 

K). Harris, B R, and Hussex, R.: The Electrocardiographic Changes FoHoumg Coroiiar^x 
Arterx Ligation in Dogs, Am Heart J 12: 1724, 3930 

17. Rakita, L., Borduas, ,T. L, Rothman, S, ami Pnnrmetal, M.: Studies? on the J^fech 

anism of Ventricular Actixitj. Nil. Earlj Changes in the RS T Segment and QRS 
Complex Following Acute Coronarx Artery Occlusion; Experimental Studx and 
Clinical Applications, Am. Heart .T. 48: 351, 1954. 

18. lumiira, E, Suzuki, N., Ivaniazaxxo, T., Ito, Y., Hangui, N, Yamamoto, F., Kuningai, 

S, Suzuki, Y., and Ohara, F.: Experimental Studies on the Coronarx' Insufhciencx 
and the Coronarx Occlusion T. On the Relation of the Coronarx Blood Flow and 
the ST Dexiation in tlie Electrocardiogram, Tohokn .7. 3-xpcr. Med. 66: 25, 1057. 

19. Blunigarf, H. L, Gilhgan, D. R., and Schlcsingcr, M. .1.: Experimental Studies on 

the Effect of Temporarx Occlusion of Coronarx Arteries II Am Heart J. 22: 
374, 1041. 



OXYGEN CONSUMPTION DURING 
CARDIOPULMONARY BYPASS 

Albert Starr, M.D., Portland, Ore. 

M uch attention has been directed to studies of oxygen consumption during 
cardiopulmonary bypass, both in dogs and human beings. The difficulty 
of sucli studies is attested to by the variety of different results obtained by other 
investigators. 

Attention is dii^ected in tlie present study to tlie factors relating to oxygen 
consumption during extracorporeal circulation at vai‘.ying perfusion rates in 
dogs and at flows of basal cardiac output in lunnan beings. 

METHODS 

Part I. Dogs .— 

Fifty-seven Tuongrel dogs were placed on total cardiopulmonary bypass with 
a gravity drainage rotating disc oxygenator for a minimum of one hoi:r, under 
light Pentothal anesthesia, at varying flows. Oxygen consumption was measured 
in 25 animals by means of a Douglas bag just prior to thoracotomy. Operation 
was cai'i’ied out via a I’ight thoracotom.A* through the fourth interspace with can- 
nulation of the superior ^-ena cava, by way of the azygous vein, and inferior 
vena cava, by way of the right atrial appendage. The aorta was cannulated via 
the right carotid artery. The partial pressure of oxygen in the arterial blood 
was monitored by means of a Clark electrode polarographic eii’cuit and was 
not allowed to rise above 200 mm. Ilg. Arterial oxygen saturation was always 
over 90 per cent. Various intracai'diac procedures were carried out, such as 
ci’eation and closure of interatrial and interventricular septal defects which Avere 
not considered to interfere with metabolic studies. 

Arterial and venous samples, draAvn simultaneously during perfusion, were 
analyzed by the Van Slyke technique for oxygen content, oxygen capacity, and 
carbon dioxide content. Flows were measured following perfusion using the 
pump settings noted during perfusion aaid the same arterial catheter as used 
during perfusion. The A-alidity of this method has been demonstrated by others 
and ourselves, Avhen a completely occlusiAm pump is used.^ The Aoav Avas kept 
constant for a minimum of 15 minutes prior to sample to ensure a stead.A’’ state. 
One hundred and tAventy observations AA^ere made on this group of 57 dogs. 
Oxygen consumption Avas calculated from the arterial-A'cnous oxygen difference 
and floAA^ Rectal and blood temperatures Avere recorded for each oxygen de¬ 
termination and Avere alAAmys betAA’een 36° and 37° C. This aa'cs accomplished 

Prom the CripiJleil Children’s Division and Depai-tment of Surgery, University of Oregon 
Jfcdicai Scliooi, Portland, Ore. 
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b} mejiis oi a low spectnim infiaicd lieatci clcsciibed iii fiiiotbc! piiWieatjon 
The elcotiocaidiogiam and aiteual and mfciioi 5cna ca\n piesstucb weio 
niomtoicd on a inultichanncl Sanboin iccoulei 

Dog bin face aioa was calculated b\ the following tonnula sin face = 112 
weight^* (sec Kef 2) Vaiiations m aitciial piessiuc \onoiis oxYgeu satuia 
Don, and oxigen consumption uete then related to flow in litci’s pel stiuaie nietei 
sill face .11 ca pel imnntc 


OXYGEN CONSUMPTION AND PLOW 
DURING TOTAL CARDIOPULMONARY BYPASS 



Fig' 1—Relationship between oxjgen consumption ind flow descilbed as n ‘•tnfght line 
function 

i = 9G 50 + 16 8J X 

s> • X = 25 "4 r* =: 0 X05 

t for slope = 2 0-1 P < 0 05 

The horizontal dotted lino represents the mean oxjgen consumption of *’5 anesthetized 
dogs with the line abo\e and below indicating two standard ie\Iatlons 

Pii) t II Unman Heings — 

Snnilai data ueio obtained fioni the fii's.t 15 eoiusetutne patient*, opei.itod 
upon at the Unriersiti of Oiegon Medical School Teaching lloipi tal A Don 
appiONimating basal caidiac output was maintained constant tluoughout the 
pel fusion peiiod, 1111117111 " the same appaiatiis as in the dog studies 

An ai-teiial sample wa.s diawn tiom the patient 10 minutes piioi to the 
onset ot caidmc hi pass At tlie 6 nnniite mail., following the onset of peifusioii, 
and at 20 miinite mtenals theicattci, aitmal and \enoiis samples weie diawn 
ftom the aiteiial end plate and lenous icseiioii, icspectiieh An aiteiml 
sample was diawn 10 minutes following the cessation of caidiac biTiass In 
addition to oMgon and eaihon dioside deteiminations using the Van ShKe 
method pll was ineaswied vnth a Cambindgc rcscaieh model pit inctei with a 
constant tempoiatuie an bath at 37° C and aiteual bufter base calculated fiom 
111" siiTiwi TTnstiinrs noimoirrams ® 
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RESULTS 

Part 7. Dogs .— 

As flow is increased in the entire range studied, oxygen consumption in¬ 
creases as demonstrated in Fig. f. This rise in oxygen consumption continues 
as flow is increased aboA-e levels now in clinical use in many hospitals. 

TOIiL OXVGEW CONSUMPTION BEFORE AND DURING 
TOTAl. CARDIOPULMONART bypass at varying FLOWS 



0 0 10 20 30 40 30 

Minutes of Perfusion 


Fig. 2. 


fOTAL OXyCEM CO^SyMPTfON BtFOPE &N0 OUfitUG 
TOTAL CAnoiOPULMONARY BYPASS AT VARYING PLOWS 

PlOirl 5 



Minutes of Perfusion 

Fig:. 3. 

Figs. 2 and 3.—These figures demonstrate that changes in oxygen consumption will follow thtr 
same direction as changes in flow in a single animal. 

The mean oxygen consumption piior to cardiac bypass but folIoAAdng 
traclieal intubation of 25 dogs in this lahoratoiy is 123 c.c. per minute pei 
square meter of liody suidace. When oxygen consumption during bypass is 
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eompaied to this Aaluo, it is noted that <it floiis ticlow 1 G I; pel squaio inetei 
o£ bod} sill face theie is guatoi toiideiicj foi oxjgen consum]>tion to be Ioavci 
than the pic perfusion level and similailj, at flows above this value, theie is 
gieatei teiidencv foi the osjgen consuiiiiitioii to bo higlici than the pie pei 
fusion V aluc 

As noted fioni Jhg 1, theie is gieat vaiiation in oxvgeii eonsnmption in 
diftcient dogs at the same flow late This is piobablj iclatcd to vaiiations 
fioni the basal state, pet haps due to vaiiations in the level of anesthesia AH 
animals vveie similailv anesthetiml with Pciitotlnl sodium hut it was noted 


VENOUS OXYGEN SATURATION AND FLOW 
OURtNG TOTAL. CARDIOPULMONARY BYPASS 



Fig 4—Thin flgruro demonstrates that \enou<? oxjgen saturation is 'nell described bj a 
linear function of flou and Increases ultli mcrea^lnfr flow It Is noteworthj tint ^enou«5 
oxjgen saturation of 70 per cent i« obtained at a flow of « i I^/M /niln 

> 4‘> 85 + 11 32 x 

s> • X = 10 57 r = 0 ’’81 

t for slope = 4 G4 P < 0 001 

that maiked venations in the depth of anesthesia did occm and weie difficult 
to avoid Theie is no doubt, howevci, that, whntevci the effect ot anesthesia 
highei flows wall pennit gicatei owgen uptake hj the espeiimental animal and 
this effect is a lineai relationship in the lange studied 

The data in Pig 1 weie compiled hv dcseiibmg 120 sopaiate obseivations 
on 57 dogs It is of inteiest to tlocnmuit the effect of flow changes in a single 
animal This was done in Pigs 2 and 3 vvheie it is noted that changes in 
oxjgen consumption will follow changes in flow regaidkss of the time nls 
tionship bctvveen high and low flows 

Venous oxygon sstniation ineicsses in Inieai f.ishion as flow incicases 
ill the lange studied -vs noted in Pig 4 In fins laigc nnmbci of ohsen ations, 
although theie is much scattci venous sstiiiafion is moie likelj to he 70 pii 
cent 01 above at flows ot 2 4 ti pei sqinic motci of hod} suitscc oi above 
That the nse in owgen coiisuiiiptioii with incicases in flow is not ielated 
to changes ui perfusion picssnic is dcmonstiatcd in Tig 5 in which theie is no 
appaient lehitionship between flow and mean aitonal perfusion piessnic 
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Table I. Mean Physiologic Values and Standakd Deviations in 15 Consecutive Patients 
ITndebgoinc Total Cardiopulmonary Bypass* 


Mean arferial pressure 
Mean venous pressure 
Arterial oxygen saturation 
Venous oxygen saturation 
Fall in pH* 

Fall in buffer base* 

Partial pressure of carbon dioxide 

Oxygen consumption 

Flow _ 

‘Patient tiescribeci in Table V excluded. 


73nim./Hg±19 
11 nnn./Hg ± S 
99% ±6 
70% ±7 

-0.05 limits ± 0.1 
-2,03 mEq. limits ± 3 mEq. 
35 mm./Hg ± 5 
133 c.c./M.3/min. ± 36 
2.735 L./M.2/min. ± 0.4 


mmHg 

220r- 


200 
I 80 
160 
.140 
120 
HO 
80 
60 
40 
20h 


MEAN ARTEPIAL PRESSURE AND FLOW 
DURiNG TOTAL CARDIOPULMONARY BYPASS 


120 O&servQhons 
on 57 Dogs 


• • V 

% 

• • 


• < *• ^ y * • . 

. : .« \ 


•• • 
# • 


» • ' 


- » ' 


02 04 OG 08 1,0 12 14 16 18 2 0 2 2 2.4 26 2.8 3.0 3.2 3.4 36 

Flow (./M'/Min 


Fig. 5.—This figure demonstrates the lack of correlation between arterial pressure and 
flow during cardiopulmonary bJTJass in the dogs studied. 

y =z 123.15 - 4.32 x- 

sy • X = 29.28, r= = 0.011. 

t for slope = 0.79, P > 0.25. 


Fayf II. Human Beings .— 

In the fifteen consecutive human perfusions studied, the mean fiow was 
2.7 L. per squaiv meter of body surface per minute with a range of 1.74 to 
3.3. The mean values for mean arterial ]jressure, mean venous pressure, 
arterial saturation, venous saturation, fall in pH, fall in buffer base, and 
oxygen consumption are shown in Table I, The range of fiows utilized in this 
series resulted in no essential deviation from the normal as seen by these mean 
values, except for 3 patients to be discussed in detail. In Table II, the venous 
saturations and ox^'^gen consumptions at the 5-minute, 25-minute and 4o- 
minute mark during perfusions are listed for each patient, along irith the 
corresponding flow Avhich was held constant throughout the entire perfusion 
period. The oxygen consumption is expressed as a percentage of the predicted 
basal oxygen consumption from the tables of Clark.^ 
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It is of great interest that the oxygen consumption varied from 50 to 156 
per cent of the predicted consumption from patient to patient, and also varied 
greatlj^ in different samplings from the same patient, with a distinct tendency 
toward higher oxygen consumption in the latter periods of perfusion. Thus, 
of seven patients sampled at the 45-minute mark, 5 had oxj^gen consumptions 
over 100 per cent of the predicted value. Since the predicted value is based 
on observations in unanesthetized patients and it is known that anesthesia 
alone depresses oxygen consumption, the high values of oxygen consumption 
are surprising under the conditions of cardiopulmonary bypass. These find¬ 
ings would tend to invalidate a rigid method of calculating an optimal flow 
rate entirely on the basis of predicted basal oxygen consumption, or predicted 
basal cardiac output. The patient can have requirements well above basal 
levels under conditions of cardiopulmonary bypass. 

Yenous oxygen saturations below 70 per cent occurred only in those 
])atients whose oxygen consumption was 86 per cent or above of the predicted 
basal consumption. HoAvever, in a small number of patients, iJerfused at 3 L. 
per square meter per miimte or above, oxygen consumption above basal IcA’^els 
Avas supported during extracorporeal circulation AAuth A^enous oxj'-gen satura¬ 
tions of 70 per cent or more. This floAv range, therefore. aauII maintain more 
normal findings in the venous saturation avIicu ox 3 ^gen consumption is aboA^e 
basal levels than Avill lower floAVS more closel^^ approximating cardiac output 
under anesthesia. 

Despite an attempt to avoid metabolic acidosis in all patients bj’- utilizing 
high floAvs, there Avere three instances in this series of 15 patients in Avhom 
there Avas significant deviation from the normal A'^alues in pH and AA'hole blood 
buffer base. The patient Avhose studies are shoAvn in Table HI had a Ioav 


Table III. The Effect of Arterial Unsatvratiok is the Production of Mild Metabolic 

Acidosis at High Floats 


patient no. 1-float 2.74 L./M.2/MIN. 

predicted OXA'GEN consumption —329 C.C./M.VMIN.* 







15 mm. 






post- 


Control 

S mm. 

25 min. 

45 min. 

perfnsion 

pH 

7.37 

7.34 

7.30 

7.26 

7.21 

Buffer base, niEq./L. 

42 

41 

40 

39 

38 

Partial pressure of carbon 






dioxide, mm. Hg 

38 

38 

39 

41 

44 

Arterial oxygen saturation 

102% 

96% 

86% 

81% 

101% 

A^enous oxygen saturation 


72% 

59% 

51% 


Oxygen consumption, 






c.c./M.2/min. 


99 

321 

157 


Per cent of predicted 






oxygen con.sumption 


76 

93 

120 


*From tables of L. C. 

Clark. 






arterial saturation Avhich Avas unsuspected during cardiac byiiass because of 
a faultj^ cuA^ette oximeter. Despite Aidiat has been shOAim to be an adequate 
floAA’' in the remainder of the series of patients, this patient dcA'eloped mild 
metabolic acidosis. 



Vol jS \ I 0 CONSUMPTION DURING CAHDIOPULMONAEI Blmss SS 

I Ij I9S9 = 

The patient ivhoso studies aio shown in Table IV demonstiates that, when 
thoio IS inaiked skeletal muscle aetiiih diiniif!' peifusion, what would 
oidinaiily he an adequate latc will iisult m low leiious oxjgcn satuiations 
and mild metaholie atidosis This patient was extiemelj light duiing pei 
fusion with escessne niotinn of the diaphiagm and cstieniitics and a ^CT} 
high oxjgen consumption This then, is a imiadoMcal situation iii which a 
high ONjgcn consumption well ahoio basal kscis is associated with mild 
metaholie acielosis 


Table IV Tiu PiiFci of AIosctir-Ai Bxeicisl is the Proaeerios of Alitn Metaboiii 
Acmosis AT lIlfH Plows 


lATJFNT \0 

2 — I liOM 2 SO L /M V'”'' 



I PEnim n 

OWTFV CONSUMPTION— 

-347 c C /M 

/MIN * 







22 min 






post 


Conti ol 

J£ min 

26 min 

46 mm 

pn fusion 

pH 

7 4(> 

7 S4 

7 SI 

7 26 

7 S7 

liuffcr ml q/L 

Parti'll prtssuro of ciirlion 

42 

42 

40 

40 

40 

dioxide, mm Hp 

n 

S7 

SO 

44 

SI 

Artornl oxjgcn ‘>atunitum 

104% 

0‘>% 

8S% 

'«% 

95% 

Venous oxjffon saturation 
0\^pe^ consumption 


80% 

b'9f 

5 Iff 


c c /M Vnun 

Per cent of picdicted 


327 

3fi3 

100 


owpen consumption 


86% 

12t% 

120% 



•From tables of U C Clark 


The patient whose studies me shown in Table Y suffoied iioni piiman 
])ulmonatj hypertension with no septal defect found at the time of \entneu 
lotomj Caidiae b.ipiss could not bo discontinued on this patient without 
lesultiiig in acute heart failuie, so that the patient was ])eifused foi 81/4 houis 
A flow late, which oielinaiib would be adequate foi the usual duiation of 
lieifusiou was demonstrated in this iiistaiiec to be inadequate iii picscnting 
seieie iiietabolie acidosis fioiii oceuiiing aftei manj houis of caidiac bjpass 

DISCUSSION 

The lelatioiiship between flow and oxjgen consumption duiiiig caidio 
pulmonais bsTiass is an important one Panoth has stated that as flow is 
iiiereasod dunng total caidiopiilnionan bjpass in dogs with t bubble o\j 
gcnntoi fioin low lei els to 12 Ij pei sqiiaie metei of hod} suiface per minute 
osygen consumption iiiei esses and that a fuithci incicssc in flow aboie this 
lei el does not lesiilt in a fiiithci incieasc m osjgen consumption It is then 
iiifeiied that flows aboie this Iciel aie unnccessai-j and pei Imps undesirabh 
sinee tiauma to the blood in the lAtneoipoiial ciieuit is loughlj inoportional 
to flow late' 

Andcison ind Senning,'' on the othei hand, hue lejiorted that incieases 
in flow in the dog duiing eaidiopnlniomo bjpiss with the Ciafooid feenning 
pump oxjgenatoi lesults in incieasing o\igcn consumption until flows aboic 
100 ee pel kilogiam ate obtained At this flow, osjgcn consumption dunng 
bypass appioaehcs the pie peifusion contiol Iciel 
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The puipose o£ tlie pi (sent stnd'v ^\a'! to obtain suffiuont <l.itn on oxygon 
tonsuniption in itogs, using tlie saint .ippai.itns .iiul toain as was plaiincil foi 
tardiopulinonaiy lijpass in human he mgs ami on the basis of tin si stiulies, 
to soktt the ojitiiiial flon laiigi foi initial diuitai Moik An attempt iias 
iiiaclt to atiiitie iinifoiniitj in all iisplits oxtipl tiow lati Oicisatinatiou 
of the ariiiial blood was niilulh aiouliil In the iisi ot a Claik oxjgeii 
stnsitno elettiodt Disc speed was lognlati d to maintain a paitial pitssiiie of 
oxjgtn 111 the aidonal blood betwien lOO and 200 mm Hg The lesiilts of 
these laboiatoi’j cxpcnmuits aie not in agiotnioiit with those lecoidtd bv Di 
Paiioth and indieatt that, at flows ahoit 12 Tj pei stiiiaic inctci of body 
sill fate poi miiiiite, oxigen tonsumptioii tontimits to use, as flow was in 
Cl eased, in a hiicai fashion that is statistiealh sigiiifitant Oxjgen aiailability 
and, hence oxigcii consumption appeal to Ik depicssed at flows sigmfitantlj 
low 01 than noniial cardiac output undei umditions of anesthesia and noimo 
thcimia The icasons foi the diffeiontes in cxptiimcntal lesults aio not 
immediatclj ajipaicnt Imt it is possible that the biihhle oxjgtnatoi icsults in 
ahnounallj high pO and, htnee httause ol a laigi amount of dissoh ed oxs gen 
in the blood, flow rtqiuieratnts might he less than the icquutment when the 
pnitial piossuic of oxjgtii in blood leaiing the oxigtnatoi is caiefully ton 
tioiled and kept within the noimal langc 

As a result of these studies, it was elected to peituse at flows appioxi 
mating icstiug tatdiat output in the fiixt 1"> consecutiM tlmital eases The 
data obtained tiom those patients inditatt tht aihsntagts of such a pohci 
Set 010 motahohe acidosis was not nicoimtncd awakening fiom anesthesia 
was prompt, and all patients kft the optiaimg loom in good toiiditioii tscept 
one who had puman pnlmonaii hiptituision without a septal detect and could 
not he taken oft the caidiae In pass Oxjgin eonsnuiptioii was quite high m 
almost all patients, with an aieiagt tonsnmptinn appioximatiiig the basal 
oxjgen consumption In those patients with oxygen demands well ahoie 
the picdieted value, the high flow pci nutted an oxjgen consumption ahoio 
noinial without imdiio widening of the aitciial \cnous diffeicncc 

A surpnsiiig finding in one patient was that oxjgen consumption ahote 
noimal basal consumption niaj be inadciiiiatc in puienting mild metahohe 
acidosis when oxjgen demands an execssiic and pump output is limited to 
a flow of icsting caidiac output Vndei these ciiciimstances, flow maj be a 
limiting factoi in oxygen consumjitioii, anil, honci the pci fusion defictiie 
in meeting bodj needs 

SUSIMASX 1X0 C0NCL.US10XS 

The lelatioiiship between flow and ox'gon consumption has been stiulicd 
ni dogs and the flow langc now consulcied adequate foi human caidiopnimonaiy 
bypass Oxjgen eonsimiptiou has liecii iound to meiease in a Iineai fashion as 
flow IS ineieascd in the laiigc oyei 1 2 L pci sqinie metei of body smfacc pel 
inmiitc Venous oxygen satination incicases in a lineal fashion as flow is m 
cicascd, and values ot 70 pei cint oi inoie aie moic likely at flows of 2 4 k pci 
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sqiiai'e meter of body surface, or above, rather tlian at lower flows. Total body 
perfusion in human beings, at flows appi-oximating- basal cardiac output, will 
result in no tendency to inetabolic acidosis except in three circum.stances; (1) 

a low artci’ial saturation due to faulty oxygenator function, (2) excessive 
skeletal muscle activity during bypa.ss, and (3) a prolonged perfusion. The 
concept of an ideal flow rate as one whieli i.s not in itself a limiting factor to 
oxygen consumption is put fonvard. This implies that the ideal flow will not 
bear a constant relationship to body weight or surface area but would be fle- 
pendent upon oxj^gen needs as determined by body temperature, muscular 
activity, and perhaps other unknown factors. 

The author gratefully acknowledges the technical assistance of klisses Mary Ellen 
O’Reilly and Patricia Starr, and kfr. Otto Hint/.. The assistance and guidance of Hrs. 
Donald Pitcairn and Herbert Gri.swold in conducting these .studies were invaluable. 
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PREVENTION OF SURGICAL HEART BLOCK 
BY THE USE OF SUPRAVITAL STAIN 


Petei Allen, P R C S (C), ] J Ledeimaii, B A , LLB, and 
G } Peail B Sc ,Va>!co!ivei, Btitish Coliinibta 

O NE o^ tlio seiioiis eom]ihcations of oi)eii litait suigeiy, \ising total caiclio 
piilmoiiaij l)ypass, is complete hcait block i ('suiting from cliieot suigical 
tiauma to the caidiac eoiuluetioii si stem Siiigieally imlucecl atiioientiiculai 
dissociation oeciiis most ticquciitly duiiiig lepaii of siipeiioily and posteiioily 
placed leiitiioulai septal defects as nell as in atiial septal defects of the 
ostium pumum tjp'' Lt addition, patients Mitli cianotio coiigemtal catdiae 
malfoiIllations and those nith low caidiac icsenc aie piono to deiclop atiio 
vontueulai dissociation undei the stimulus of suigeiy alone, mthout actual 
tiauma to the conduction system' Thus, while complete heait block can 
oooui fiom othei causes, diicct suigieal miuiy to the conduction sjstcni has 
non become the commonest foim 

The anatomy of the conduction sjstcm in ielation to the light side of 
the heait is the kej' to the ])iobleiii of suigieal heart block" The atuo 
lentiiculai node lies immediately iiifeiomcdial to the mouth of the coioiiaiy 
sinus in the light atiium The bundle of IIis passes posteuoi to the annulus 
of the tiiouspid ial\e and enteis the light ventiicle adjacent to the mfeio 
01 supeioposteiioi inn of the meiiibianous iciitiiculai septum The common 
bundle then dnides into a light bundle biaiicli iiliicli passes distalh along the 
posteiioi maigin o± the mcinbtaiious septum The left bundle hianch jiieices the 
icntiiciilar septum and lies siibendocardialli immediately niforior to the aoitic 
salve, vvlieie it then tans out along the left vcntiiculai aspect of the septum 
Vaiiations to this septal anatomic pattern occui chicflv in the picsenco ot a 
vcntnculai septal delect of the incmbranous and posteiioi tvpes K the common 
bundle passes distallv along the posteiioi inn ot a ventiiculai septal delect and 
dnides into the nght and left bundle at the vtfenoi maigm of the detect, there 
IS a gieatei chanee ot developing complete suigieal heait block than it the com 
raou bundle divides at the suptiopostciioi maigm ot the vcntnculai septal defect 
and only the nght bundle passes inlciioilv along the posteiioi maigm of the 
defect At piesent, diiimg eoiieetive caidiac suigeiy, time is no vv.iy of know¬ 
ing vvliieh anatomic tvpc is incsciit 
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Canifla and British Columbia I^redlcal Research institute 
Received for publicttlon Dec I'lSS 
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Wo Jijivo 1)0011 (iblo 1() jivoid sui'^^ioiil Iii-jirl hiook by coiiliiuions nioiii- 
loriiif^ or llic olocl.roojinliof-nuti (Itintifr Hio ropnir ol' voiilnoiibir .sopiiil or 
OMl/iiini jii'ininii) doiools. Ah diHsochilion oji/irif^o.s hi Ilic alaolI'ociii'dioiri'iuii iiro 
ob.sor\^o(], <li(‘ sui'K'ooM is wiiriiod of bis proxitiiiiy 1o ibo coiiduodion tissiio. 
fu lliis siliiiilioii, l)y idloi'iiifr )bo siiliiro pliiconioni, wo luivo iivoidod ooinplcdo 
(Uid possibly hiUd Jiciit'l block on H<‘vct'!d ooo/isioiis, However, if oiio iodtuios 
])o1(issiinii iirrost, tlio bonrt is oloolrioidJy iiijiotivo find Idio siii'of^mird of !i 
oonlinnoiis ob'otrooiirdio^rfjiii is losl. lnd(*od, sonio Hurf>'ieid oonlors bfivo 
oxpori(‘ii(!o-d fin inorofisod inoidciioo of lliird dof^roo iiofirl blook wlioii ofirdio- 
plop:i(! fif-onls iifivo boon used, ibc ini'oroiioc 1)cin«' llnil Ibo bnndio of Ilis is 
nioro (ifisily dnnifif>'od wbon siir;<cons firo niifiblo 1o obsorvo fjross or oloolricfil 
ofirdiiio iiolivity.'' 

'I’o snbsliliilo foi' Ibo loss of oloolriofil fudivily in polfissinni firrosl, wo 
hfivo fill0111 piof| 1 o visufilizo llio oondiiolion sysloin by do\'oloi)in(:( ii snpriivilfil 
slfiiii wfiiob fii) is Irfiiisifory in fiolion, (b) doos nol destroy Ibo oondiiolion 
lissiio, find (o) is nonloxio in Ibo hciioi'iiI oironliilion. 


j-MKriions AND nnsuLTs 


P»y Irifd find error fi solnlion id’ oloinonlfil iodine wiis soloolod fis ibo 
iflofil siipi'fiviliil slfiiii find tostod in Ibo iiofirls of doffs r(-oon11y killed in oilier 
oxporinionts. Five per ooni oloinonlfil iodine rlissolvod in 10 per e.eni sodinni 
iodiflo Wfis Ibo most sfilisfiiolory slfiin used to visiiidizo Ibo (’firdiiic oondiiolion 
lissiio, olofir visiifilizfilion bislod -‘3 1o b niinnlos before I'ndiiifr. VVofikor soln- 
lions flid nol H’ivo it oonsifinl slfiiniiiff roiiolion find ooofisioniilly )io slfiiniiiH: 
ooonrrod iinlil Ibo 5 per ooni iodine solnlion wfis nsotl. Slroiif^or solnlions, 
lip 1o 10 per ooni oloinonlfil iodine in 10 /)or ooni sodium, i^nva more inlonso 
visniilizfilion for loiif'cr periods wliioli wore oonsidoroil nniiooossiiry. Duo 1o 
Ibo doi)rossinf>' offool of iiolfissinni on ofirdifio fnnolion, sodiiiin (Nfi I) wfis 
used as Ibo vobiolo for dissolving' llio o per ooni oloinonlfil iodine. 

Slfiiniiif^ rofictions wore rojiofilod in Ibo bofirls of live dofrH, l'Jif>bt inon- 
grol (lops wore ^ivoii ii I’onlolliid Anootino iinoslliolio and plfioorl on Ibo 
bubble oxyi’Viuilor with lolal eiirdiopulnioniiry bypim, followiii”' wbioli po- 
tfi.s.siuin nrrosi, was inslilnlod usiiif? Ibo Melrose 1oolinif|no.' 'I'lio rif,di1, vonlri- 
C'lo was opened and Ibo coiidiiotion ti.s.sii(: stained will) varying solutions ol 
elonicnlnl iodine in JO per cent sodium iodide, d'be intensity find durfilion 
of the staining reaction was recorded. I^otfissiuni firresl wfis li’miinated filler 
10 minutes and, following rolurn of sinus rliylliin, tbe i)nni|)-oxygona1or was 
disconlinuod. 


In 7 of the 8 dog.s, good .slainiiig visnalizalion of the bnndio of Ilis and, 
jmrtioularly, llio, rigid bundle branob was oblainod (Kig. 1). Id Ili<‘ m'A'oii 
snooo.ssfnlly slainod lioarls, .six wore ipiiokly roslorod to sinus rliytlmi at 
llie coinplotion of 10 minnios of indnood oardiae arrosl, wbile one dog de¬ 
veloped inioonirolloi] vonlrii'iilar librillalion as the result of (iinb.1 ])n fusion 
InicnH*. fn tlic l)tindl(' slfiin din* io lln* (lonsi/inl w«ih i 
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o£ Wood acioss the tiidot viduun fioiii se\tiid somecs \mcontioUed bj sBction 
Tlio ctidocrudumi o\tilMn}>: tlie eondiiction tissue must bo fin befoio staining 
can (Ucui, iiHkLd, blood fioiu iin soiiiep will iiieseiit Msuah/atioii of the 
cominoii buiulU oi its bi.inclus bs tlu lodiiK method 

In tilt 8 do<,s St nmng was conmitiittd with 0 1 pti ttnt ok mental iodine 
lollowcd b\ 1 pci otiit, J pel cent, 4 pti (Ciit and 5 pci eciit solutions The 
0 1 pci cent to 4 jiei cent solutions gait iiieonstant usual leactions but 5 
pel cent solutions stained eleaiH foi siitial iniiiutes befoio fading In a 
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senes of 4 dogs 10 pei cent iodine solution stained the eonductioii tissue 
iiiteiisclj foi 7 to 1") minutes which was longti than necessaii Although 
sinus ihjthm was lestoied in the 4 cases the peiiod of iesuseitafioii, aftei 
10 minutes of potassium anest, was distiiicth ]noIonged and moit difficult 
when eompaied to the oases using 5 pci cent iodine It is suggested that the 
moie iiitfiise staining leactions (10 pti fint) aic d ingeious and can piodiice 
peimaiieiit dam.age to the coiidnctioii sjstem 
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General toxicity of the 5 j^er cent elemental iodine solution was tested by 
slowly injecting 3 to 5 c.c. into the pulmonary artery of 4 dogs, all of which 
leeovered completely and without incident. Since the amount of 5 per cent 
iodine solution used for staining is onlj' 1 e.e. there appears to be a wide 
margin of safety. 

Fixed sections of dog m.Yocardium containing the right bundle branch 
were stained with periodic acid-Schiff (PAS). The muscle and conduction 
tissue contained pink staining endoplasm that was attributed to glycogen. To 
prove this, sections were first immersed in diastase before PAS staining, and 
no pink cytoplasm was seen in any tissue. F^ext, histologic sections of myo- 
eai’dium containing the right bundle branch were immersed for periods up to 
72 hours in 5 per cent iodine solution in 10 per cent sodium iodide and then 
stained with PAS. Microscopically, these sections all showed .the same amount 
of pink staining glycogen in the conduction tissue as did the control sections 
stained only wdth PAS but not immersed in iodine. 

This would suggest that the iodine stain, while combining with glycogen 
of cardiac conduction tissue, does not destroj'- it, iior produce irreversible 
changes during the short periods of contact at surgery. 

DISCUSSION 

Tn the last three years, great advances have been made in the treatment 
of surgically induced heart block. Initially, intravenous and rectal IsupreP' 
were used to increase ventricular rate and maintain a satisfactory cardiac 
output in the presence of complete atrioventricular dissociation. Some pa¬ 
tients, however, become refractory to Isupi’eP and develop ventricular brady¬ 
cardia with poor coronary artery filling and fatal cardiac arrest. The brilliant 
development by the Minnesota group of a myocardial wire and mechanical 
cardiac pacemaker has successfully treated many patients with severe surgical 
third degree heart block.’’ 

Our purpose has been to develop a method of preve^iting surgical heart 
block by visualizing the bundle of His and, during the short period of supra¬ 
vital staining, to effect safely the placement of closing sutures in the ventric¬ 
ular septal or ostium primum defects. Wc have used the staining technique 
on 3 patients. The first was a 9-yeai--old boy with a common ventricle that 
was repaired by making an Ivalon septum. It was difficult to determine the 
exact site of suture placement since no remnant of septal tissue was present. 
After potassium arrest was instituted, 5 per cent elemental iodine in 10 per 
cent sodium iodide solution was painted on the endocardium of the common 
ventricle to show a lacy conduction network on the supero-anteiioi and 
superoposterior aspects. In this way, sutures were placed in the wall where 
conduction tissue was absent, and upon completion of the repair the potassium 
arrest was terminated with rapid restoration of sinus rhythm. 

The second patient was a 3-year-old boy with advanced pulmonaiy 
hypertension and a large ventricular septal defect. Follo-vving potassium 


‘Available from UOntlirop Laboratories, Neiv York, N. Y. 
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anest it was possible to see that tlic defeat involved the ontiio septum fioni 
the eiista suyiraventiiculaiis distally to the pulmonaiy and aoitic v.ihcs 
which -ncro sep.nated by a nijUinictei of fibious tissue Hve pei emit iodine 
solution outlined eithei the eoninion bundle oi the lifrlit bundle biaiieh in the 
posteio-iiifoiioi niaigiii of the septal delect and, as ,i eonscqiienoe. sutuies 
were placed wide of this tissue in clfeefiii" a leimii Aftei eonipletion of 
anest, sinus ihythin was icstoied 

The thiid case involved ah 8-ycai-old gii! nith a nicinbiaiious veiitiioulai 
septal defect and a piilmniiaiy aitery piessuie of 90/40 mm Hg Folloiniig 
induced potassium anest, h pei ceirt iodine sointion nvhn painied aitmg iVic 
maigiiis of the defect hut tailed to show condnetioii tissue Following lepaii 
of the defect, the patient developed peimanciit thiid degiee heait block 
It is piobable the eonduction bundle failed to stain because it ivas deep within 
the ventnculai septum and beyond the penctiation of the iodine solution 

This IS a pieliminaiy icpoit, based on exiieiimcntal woik and limited 
patient application Iloucvei, we belieie that, with fiiithei e\peneiioe, su- 
jiiaiital staining of the eonduction system in the light ventricle will add to 
the satety of potassium anest and may ieduce the ineidence of complete heait 
block in the eloctiically inactive myocnidium 

StlMMAKt 

The desiiability of tiansitoiy lisualizafion of the bundle of His in the 
potassium ariested heait is discussed 

Five per cent elemental iodine iii 10 pei cent sodium iodide was the most 
satisfaetoiy supiantal stain used to outline the eaidiae eonduction s.tstem 
of the light ventiicle 

Expoiinieiital woik and biief yiatieiit expeiicnce is outlined 
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ACUTE PERICARDIAL FAT NECROSIS 
Report of a Case 

Marthi H. Chester, M.D., Gardeua, Calif., and 
John B. Tally, M.D., Hawthorne, Calif.^ 

T he pericardial fat necrosis syndrome was first recognized as a clinicopatlio- 
logie entity by Jackson, Clagett, and McDonaldJ The authors enphasized 
the fact that this lesion can simulate the symptomatology' and physical findings 
of acute myocardial infarction, pulmonary embolus, or hemorrhage into a 
neoplasm of the lung. Tlie roentgenographie appearance may easily be mis¬ 
interpreted as a pi-imary or metastatic carcinoma of the lung, a localized pleural 
effusion, pleuropericardial cyst, or mesothelioma. A consideration of this 
disease entity is, therefore, warranted in any patient y\ith luiexplained pre¬ 
cordial pain, pleuritic pain in the left lower chest, and an associated juxtacardiac 
mass. 

Jackson, Clagett, and McDonakP reported 3 eases of pericardial fat necrosis 
in which exploratory thoracotomy was performed from 7 to 10 weeks after the 
acute onset of symptoms. In the following ease of pericardial fat necrosis, an 
exploratory operation was made 13 days after the acute onset of symptoms. 
This ease afforded us an opportunity' to observe and describe the pathologic 
changes of the acute phase of this recently recognized clinical syndrome. To 
the best of our knowledge a description of the early stage of this lesion has not 
appeared in the literature. 

CASE REPORT 

Tlie patieut was a 46-year-old white male carpenter. On Feb. 4, 1958, he was treated 
for an upper respiratory infection. He had fever, nonproductive cough, generalized aching, 
and fatigue. A chest roentgenogram yvas found to be yvithiu normal limits (Fig. 1, A). The 
patient recovered within a few days yvith antibiotic therapy. 

On Feb. 14, 1958, the patient experienced the sudden onset of left lower anterior 
chest pain and cramping epigastric pain. The onset of this pain occurred during a severe 
lifting effort, when it is estimated that he exerted a lifting force equal to 150 to 200 pounds. 
This pain radiated to the left shoulder and increased in severitj’ on deep inspiration. The 
pain, subsequently, became excruciating and caused a brief episode of syncope. He was 
hospitalized on Feb. IT, 1958, with an admitting diagnosis of acute myocardial infarction. 
His past medical history revealed that there were recurrent duodenal ulcer symptoms and 
one episode of bleeding during the past IS years. However, the patient had been free of 
ulcer symptoms during the past year. 

Received for publication Dec, 18, 1958. 

•Department of Pathology', Hawtliorne Community Hospital. 
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Physical oNainination on adniis<iion to the ho«pitn! re\eale{l a white man, 5 feet 11 
inches tall, ueighinj; 157 pounds. He was pale, .sweating, and in excruciating cliest pain. 
Respirations w’cre rapid and shallow, blood pressure 98/68 mm. Ilg, and pulse 126. He 
was unable to take a deep breath l)ecnuse of the exacerbation of the chest pain. Ausculta¬ 
tion of the chest elicited normal breath sounds and fremitus in the lung fields. An unusual, 
soft, low-pitched rub was heard during expiration, synchronous with systole at the cardiac 
apex. Tliis sound closely' resembled tbe sound produced by compreising a wet .sponge. It 
could easily be distinguished from the classical friction rub of a pericarditis. The rub 
disappeared on the third liospital day*. 

Although there was moderate improvement of the pain with the administration of 
Demerol and oxygen, the patient remained in a state of .shock. lYith the administration of 
LcropJiccl by intravenous drip, his genci.al condition finally improved. iVithin several hours 
his blood prc'-surc stabilized to 126/82 iiim. Hg, and the Levophed was discontinued. 



1— A, Roentg-enopram taken 10 days prior to the onset of sjniptoms. 

B, Roentgenogram taken 3 clajs after the onset of symptoms Note the appearance of 
a juxtacardi.ic mass represented bj the aiea of increased density along the left border of 
the cardiac shadow. 

An electrocardiogiam was normal, except for an occasional ventiieular pre‘*ystole. 
The corrected sedimentation* rate was 12 mm. Chest roentgenograms (Figs. 1, B and 2) 
demonstrated a juxtacardiac mass along the anterior aspect of tlie left cardiac border. 

Serial electrocardiograms and scrum transaminase determinations were normal. 
Tomograms of the juxtacardiac mass revealed several ovoid areas of decreased density* (Fig. 3). 

During the following week the patient^s general condition improved considerably, 
although the left chest pain persisted in severity. 

On Feb 27, 1958, an exploratory* operation was jiorformed through a left anterolateral 
incision in the sKtli intercostal space. A firm ovoid mass, measuring 10 by 7 cm., was 
identified as the peiieardial fat pad. It was adherent to the anterior and lateral aspeet 
of the pencarduim and the anterior chest wall. There were also adhesions liinding the 
lingula to the peiicaulial fat pad The ma-'S was excised by blunt disseetion from the 
pericardium, anterior cliost wall attachments, ami lingula 

Grossly*, the speelnicn measured 10 by 7.5 by 3.0 cm. (Fig. 4). It consisted of fatty 
tissue. Tlie external surface was foeally indurated and varied from a mottled light brown 
to a rcd-black hcmorrlmgic discoloration. A sharply delineated liemorrhagic area at the 
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demonstrating- an ovoid density due to the eniarged pericardial fat pad. 



section study demonstrating saccular radiolucent areas within the peri¬ 
cardial fat pad. 
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superior end (Fiff. 4) luoasurcd 2.2 cm. Other arojis of sulicapsuljir cxtrsivasation of blood 
ucre noted. The cut surfnee u few ceiitinielcrs from the licuiorrimpic area appeared to be 
li()nio;^(*nous and liad a normal fatty color. 



Fit;, t.—(iross specimen of re-sccted perlcnrtllal fat. The dark are.ts contained old blood. The 
specimen measured 10 by 7.." by 3.0 cm 



B. Section of tis.sue from the iJerlpherj' of area <if hemorrhafric necro.‘!j.‘« .«!lio\vint' fibrosis 
anjl chronic Jndnminatory cell**. 


Histolojiieally, the tiSisuo revealed acute IiemorrJuigic infarction witJi con.si(lernblc 
interstitial henioirliage, ni'crosis of blood vejssel.**. and spar.^e infiltration with polymorpho' 
nuclear leukocytes and lymphocytes (Fiff. 5, A). 
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tliis tissue, occasional arterioles were seen tlie walls of wliicli were infiltrated by polymorpho¬ 
nuclear leukocytes (Fig. 5, 13). These cells spilled over into tlie perivascular spaces. A few 
arterioles showed subintimal fibrous thickening of a moderate degi-ee. Bacteria or fungi were 
not demonstrable. 

COMJIEXT 

The clinical characteristics of this disease, as observed in our patient, were 
similar to those found in the 3 eases reported by Jackson, Clagett, and McDonald. 
However, there were several exceptions. This patient was not obese; to the 
contraiw, he was thin and tall. This fact denies the concept that the lesion 
occurs only in the obese. In addition, there was a temporal and probably a 
causative relationship between the severe lifting effort and the acute onset of 
symptoms. The strain of this lifting effort produced the hemod;smamic changes 
and stresses of a "i^alsalva maneuver. There is strong probability that a 
traumatic etiology was present in cur case. The presence of neurogenic shock 
and cardiac arrythmia, which were concomitant findings in the early period 
of hospitalization, caused us to assume that we were treating a case of myo¬ 
cardial infarction with early coronary shock. 

Although the pathogenesis of this lesion is still obscure, it is possible that 
its onset is primarily a "vascular accident” with the resultant exti’avasation 
of blood from an artery, hematoma formation and thrombosis. Consequently, 
the blood supply to the fatty tissue is compromised with the resultant ischemic 
fatty necrosis. 

A comparison of the acute and chronic phases of pericardial fat necrosis 
would lead one to assume that there is absorption of the exti’avasated blood. 
sulDsequent fibrosis, and ischemic necrosis of fat. This assumption would seem 
to be justified by observation of the changes in the pericardial fat specimen. 
The transition from acute hemorrhage to organization, fibrosis, ischemic fat 
necrosis, and endarteritic changes is clearly demonstrated. 

SUMMARY 

1. A case of acute pericardial fat necrosis treated by surgery 13 days after 
the acute onset of symptoms is presented. 

2. The symptoms of acute onset of pi’ecordial pain, pleuritic pain in the 
deft chest radiating to the left shoulder, and the demonstration of a juxta- 
cardiac mass in the thoracic roentgenogram are the principal findings in this 
sjTidrome. A precordial systolic rub also may be heard. 

3. Tomographic section studies may show radiolucent ovoid areas which 
probably represent normal fat lobules surrounded by hemorrhagic, necrotic, 
and fibrotic tissue. 

4. Histologically, the changes were due to extravasation of blood, ischemic 
fat necrosis, and fibrosis. IModerate endarteritic changes were also noted. 

5. The traumatic etiology is a .strong probability in our case. 
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MYOCARDIAL REVASCULARIZATION THROUGH A 
GASTRIC PEDICLE 

An Experimental Study 

C Coin eise Pence 11, M D, Pleeman L Rausou, y1l D , and 
C Hainell Dabbs, /II D , Knoxtille Tenn 

A mimber of methods hate been and aic heing- used climeallt to imptote the 
blood flott to the intocaidinm in cases oi coionait aitcit disease, and some 
suigoons ale adiocatiiif; that pioecduits be done on an almost loiitine basis as 
patients appioach middle age The dncixiti oi the methods adiocatod and the 
lack of anj cloai cut pioof that benefit lull icsult put the piesent clinical noth 
on an uiiceitain basis Because ol tl c inbcient diffienlties of clinical eiahiatioii 
of coionaiv disease, eompolling pioot must be foithcomiiig fioiii animal e\peii 
mentation bofoie suigical eoiicefion of coionaii disease mil be a geiioialh 
accepted pioeediue The moie piomisiiig expcnmuital methods, at pioseiit, 
make use of pedicle flaps of skm oi alimciitaii tiact' That such a pedicle 
flap can cam nsctnl blood to a patuichimal oigan has been eloaih demon 
stiated foi the kidnoi ' Othoi pioceduics aio gcnei alli theoieticalh less sound 
Ol aie too diffiuilt tcehniealh It is liKcli that intelligent use of pedicle flaps 
mil lesult in ical iiiipioiemoiit in coionan aitcn disease, pioudiiig simple 
pioduction of extiacaidiac anastomoses mil, in tact, lend to gieatei msoeaidial 
blood supph This pieliminau lepoit eoiiecins the foimatioii of an adequate 
pedicle flap fiom the stomach and ,i method foi eialuating its efficaoi bi diieet 
measmeincnt of the miocaidial omgui tension The stomach nas chosen be 
cause of its leads accessibilits tiom the chest its close piosiniits to the heait, its 
iieli blood supph, and the lelati'c case of pei forming plastic suigeii on this 
oigan This method of studs nas chosen because moie usual methods eoneeined 
mth mortaliti, oi the anatomic dcnioiistiation of eommiinications haie not 
Melded cleai cut lesnlts^ 

siSTERIALb \XD METHODS 

Mongiel dogs aie opeiated on in a standaid mannei thiongli the left eighth 
intei-spaee A portion ot tlie stomach is dclncied thiongh an incision in the liga 
mentous poition of the diaphiagm (Fig 3) A fUli about St/k inches on ,i side, 
based on the supeiioi poitiou of the lessei euuatuie, is laised on the anteiioi 
aspect of the stomach, much as is done in peifonning a Janenas gastiostomj 
(Pig 2) The mucosa is lemoied fiom this flap, the stomach is closed in a 

From the SuriricaJ Re‘?earch L.aboratory of the Fast Tennes«?Ge Tiibciculo'tis Hospital 
anti the Departments of Surgerj Tnd AXctllcine the VeuK Clinic Knox\ilIo Tenn 
fcupportetl m part b> the AcufC Clinic Foundation 
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Fig 1 . 



Fig: 2 


Fig 1—-The stomach is leadilj acces'^ible thiough the diaphiagm adjacent to Uie apev 
•f tlie heart 

Fig 2—The plastic flap based on the cui\ature freed of mucosa and the stom- 

LCh is then closed in a routine manner 



S»mlpafcr 
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routine manner, and the diaphragm is closed about the base of the pedicle. A 
long pei-ieardial incision is made parallel to the phrenic nei-vc, and the apex of 
the heart is delivered and abraded lightly with fine “wet-dry” sandpaper (Fig. 
3). The raw surface of the pedicle flap is then attached to the m.yocardium by 
interrupted sutures of 4-0 sdk. As applied, the flap generally measures 8 to 10 
cm. in diameter and co^’ers portions of all the major coronary arteries. Closure 
of the pericardium provides firm pressure to approximate the flap to the myo¬ 
cardium. The chest is then closed in a standard manner, without drainage. The 



jrjg- 5 —completed pedicle flap at approximately 6 m eeks 
pericarditis The flap is flrmly attached to the heart RV —right 

tricle : LA —left atrial appendage , and F —-pedicle flap A ligature 
about the pedicle of the flap preliminary to occluding its blood supply 


There is relatnel> little 
\ entricle . LY —left ven- 
has been loosely placed 


relationship of the completed pedicle to the heart, diaphragm, and stomach is 
seen in Figs. 4 and 5. The procedure is generally carried out without blood 
replacement and the animals present no special postoperative problems. 

The second thoracotomy for study is genei’ally done 6 to 8 weeks later. 
Surviving animals are sacrificed. Postmortem arterial injections are done in a 
few animals and, in most instances, routine histologic preparations are made 

Oxygen studies, mainly ot the left ventricular myocardium, have been 
carried out in control dogs, dogs with pedicles, and dogs with pedicles in whom 
previous ligation of the anterior descending coronary artery had been done 
Ligation ot the anterior descending coronary has always been performed at its 
take-off from the left coronary artery. The platinum microelectrode as described 
by Davies and Brink^ and by jMontgomeiy and Horowitz" has been used for these 
studies. A special electrode developed by George Peirce at the University of 
Pennsylvania has proved useful for myocardial measurements (Fig. 6).” In 
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piiictKP, tlic i)l!itimun miciodpiliodo tiAiisiiiifs ii ('iinent, wliieli can ho icacl 
on a scnsitne {'al\,inoinot(M, dial Js <liiLcd\ piopoitional to tlio ONAgcn a\a]Iable 
to It, «lien OG \olt iltiMiif; foioi is delistiid to tlio oleetiodo Tins appe,ni-s to 
1)0 based on the fact that the fiiiiont is tiaiisinittod be tlio elecliohsis of o\igen 
.md, oeon in eoniplicated solutions, tins loadion atconnts toi the ontiie flo\i of 
cuiiont Tlic dtttiodos guo onh lelatisc loadmss but aic sufficientK stable 
toi acute CNpeiunouts Tlio diaiiins m ov\sten tension aio ot gieat magnitude 



] iR- r —Tlinc platJmun imcrocIoctroOcs «i< sboun In appioxlnmtob n ituni size Platl 
nwm wire Is soiled In rUiss und tlie tip Is shirjxnod Tlit lllusttatcd electrodes tiixc tips 
of Minintr length shouTi distal to the ^\hUe h« id A iliop of mercurj in the tinj polieth 
^lene tubi Is usid to niakt contact with the IcmI wire 



, J —Fhe electro lea me ^ho\^n Jn place In a normal beatlnfr heart Thej can be 

located where desired in relationship to the ^a^ious coronarj arteries In animals with 
a pedicle flap usually at le ist one electrode is placed In the flap itself HI —right \en 
tricle IjI —left ventricle AP —anterior descending coronnrj arterj C —circumflex coro* 
nar> artcr\ a lifeatuie has been place«l about the of the anterior descending arterj 

prtpiraton to Ilgitlon 

Multiple dtcliodcs inns be used and t)ic\ mas be lead eontiiuioush oi intei 
inittenth Foi siinplnits, fne dcttiodts apjiiopiiateh spaced aie used and 
tacb clcctiodc is lead at one iiimutc mteisaK In giucial, sonic olectiodes aic 
placed in the aiea ulinli would be c\pocted to become isehcmie on anteiioi 
descending coionaii ligation, some ate placid in the niea supplied b\ the 
cneumflcN aiten. and generalh one is placed in the flan itself fFig 7) ,v 
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RESULTS 

There have been only three deatlis in twenty-five preparations. It is neces¬ 
sary to remove the mneosa inetienlously because, in 2 clogs, mucosa-lined pockets 
developed between the flap and the surface of the heart. All of the other 
dogs had firmly adherent pedicles and were satisfactory for study. The presence 
of vessels crossing between pedicle and myocardium was demonstrated in the 
injection preparations and vessels of arteriolar size were frequently seen in 
routine sections. 

Although the numl3cr of experiments is much too small to justfy any con¬ 
clusions, some very provocative data have been obtained. The myocardial elec¬ 
trodes are relatively less sensitive to the dog’s breathing 100 per cent oxygen 
than are similar electrodes placed in the skin. A change from air to oxygen 
increases the arteilal oxygen tension about fivefold and, in the skin, increases of 
fi'om 300 to 700 per cent in readings are quite usual. In the heart, increases of 
50 to 200 per cent are more often the rule (Pig. 8). Electrodes placed beyond 
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MINUTES 

g.—Galvanometer readings of several myocardial electrodes have been averaged. The 
pattern illustrated does not always occur. For explanation of figure see text. 

the zone of ischemia produced by coronary artery ligation show relatively con¬ 
stant readings. Electrodes in the zone of ischemia show an extremely rapid 
drop, essentially to zero. In control dogs, these low readings continue for a 
matter of minutes until the dog dies of ventricular fibrillation, which has oc¬ 
curred in every instance. In some dogs with flaps, tlie electrode readings follow 
this same pattern, but in some there is a gradual, although modest, climb indi¬ 
cating an increase in the oxygen tension in the ischemic area. Subsequent 
ligation of the pedicle in these dogs again reduces the readings nearly to zero. 
These studies appear to demonstrate a definite flow of blood through tlie flap to 
the heart in at least some of the animal pi*eparations. 




\(1 38 No 1 
! l3 19i9 


Nn OC \1!DT VI HI V ANCULAHIZATIOI^ 


73 


A ficqiicnt piobicm has hecu tlip sntWeii onset of vcntneulai fihiillafion, 
winch has terminated niaiu c\peiiments picmatuich This diffieulti has not 
>ct heen solved 

msoussioN 

Chuieal evaluation oi eoionaiv aitciv disease is evtiemolv difRcuIt, heeaiise 
of the almost constant psvchic ovcilav in patients and the suhpetive natuie of 
the svmptoms Oh]cctivc evaluation hv e\cicise tolcianeo oi hv leveision of the 
eloctiocaidioRiam towaid nonnal is not salistactoiv since m the fiist place theie 
IS a tendtnev foi angina to impiovc spontaiicouslv and in the second place, a 
levasculaii/ation piotoduie mav itself produce ahnotmal chotiociuliogiaphie 
changes 

The piohlem is complicated in dogs because of the ease intli which blood 
How to an individual aiea of the lieait mav he incicased hv development of 
iiitimsic intiacoionaiv anastomoses ' ‘ In the fiist place anv piocediiic 

including a sham opeiation on the licait, will appaieiith piotect a dog to a 
certain estent fiom mvoeaidi il ischemia folloinng ligation of a coionniv aiteiv ' 
The onlv satisfactoiv cvplanation foi this is deielopment of a coHatcial ciicula 
tion within the heart In the second placi, one Ciimiot piodiice a picpaiation 
with eliionic eoionaiv iiisuffloieiicv hv coioiiaiv artco ligation' Dogs with all 
tlncc mam coioiian tniiiKs ligated in stages mav ho ahle to iim noimallv on a 
tieadmill ’ 

It would appeal then tiiat the cvpcnmciital lesults must ho vnewed cncuiii 
speetlv Iinpiovcmont m inoitalitv m a given evpcumcntal piepaiation follow 
mg coionai-v aitoiv ligation, oven it statistioallv valid, does not indicate that 
the pioceduio meicasos the evtiiiisie hlood siipph oi the heart It mav lefleet 
simplj an mciease m the effective anastomoses lietwocii the evistmg mioeaidial 
vessels In liho maimei, the dpiiionsliation of vessels passing hetwccii the 
pedicle and the heazt anatomieallv docs not indicate the diiection oi the magni 
tilde of blood flow The coionaii backflow method advocated hv Beck, gives 
some iiidiicct infoimation legaiding the status of both intia and evtiacoionaiv 
anastomoses It can he shown, foi instance, that, eailv aftei a eoionaiv sinus 
anastomosis, back bleeding fioiii the cut ciicumflox arteiv is meicased and that 
the mciease is less it the loioiian sinus anastomosis is clamped' Since the 
pioceduie involves levcising the hlood flow and decicasing the picssuie m the 
bed of the eneiimflc\ aitcij it is not piivsiologic and intoipietation of the 
data IS hazardous 

Measinemont of mjoeaidial owgen tension lecords ohiectivolv and giaphi 
eailv hj means of an important plnsiologie vaiiahle what is ((iiitc ohiions 
visnalh following majoi eoionaiv aiteiv ligation, the appeaiaiiee ol an aiea 
of ischemia marked hv cvanosis and sometimes hv paiadoMoal motion D\tij)l 
foi the iiecessitv of leaving the chest open, the method is a phvsiologic one 
Changes in potential blood sup])l\ resulting iiom the CNpeiimuital flap e.in he 
elucidated bj moasuimg the owgon tension change whin the flap is ehiiiipal 
It should be possible with this method to deleiniine li theic is a iiseliil mciease 
in extracoioiiai-j blood flow fioiii the gastiic flap m the picsent piepaiation oi, 
foi that mattei, if a vaiietv of othei piepaialions mtiease e\tiaeiirdiae flow 
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In tins regard, it seems particula]-ly unfortunate tliat metliods of treating 
myoeardial insufficiency Ijy proeedui-es such as internal mammary ligation, whieli 
defy evaluation, should be used clinically. 

Since experiments are frequently interrupted by ventricular fibrillation, 
it is planned to modify the experimental procedures a little to decrease the inci¬ 
dence of this arrhythmia and permit oxygen tension data to be obtained over 
longer periods of time. Contemplated modifications include: (1) slow cor¬ 
onary occlusion with Bei-man '‘buttons,”- followed by oxygen tension studies 
on ligation of the pedicle, (2) surgical implantation of mieroeleetrodes, so that 
studies can be done .in closed chest preparations, and (3) bgation of smaller 
branches than the anterior descending coronary artery to decrease the incidence 
of ventricular fibrillation. 

SUAIMARY 

A satisfactory method of fa.shioning a vascular pedicle from the stomach 
and anastomosing it to the apex of the heart is described. The evaluation of 
blood flow in the pedicle by measurement of myocardial oxygen tension is 
discussed. No conclusions are drawn concerning the efficacy of the experimental 
procedure in increasing the myoeardial blood supply in this preliminary report. 
Plans for improved experimental methods arc given. 

ADDENDUIU 

One patient lias had the described operation for intractable angina pectoris. Tech¬ 
nically, the operation was entirely satisfactory and there wore no digestive or diaphragmatic 
problems postoperatively. 
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FORWARD VERSUS RETROGRADE CORONARY PERFUSION 
FOR DIRECT VISION SURGERY OF ACQUIRED 
AORTIC VALVULAR DISEASE 


Norman E. Shunnvay, AI.D., San Francisco, Calif, 

T hi; aortic valve is the most imprcgiialjle orifice of the liumnii l)ocly. It may 
veil he the last anatomic frontier of Miigery. Its diseases are among the 
most difficult cardiac lesions to treat, iforcovei-, tlie risk of attempting to 
modify the patliologie archilcctnro of the aortic valve often assumes dimensions 
all out of proportion to the amount of relief nsnally derived from a “successful” 
proeoduro. JIany heart surgeons refuse to deal with an.v deformity of the 
aortic valve, and most arc skoj)tical of the efficacy ot surger,v in calcific acquired 
di.soaso and congenital stenosis without jmst.stcnotie dilatation. Until the mor¬ 
tality now associated with B.Kmireions in front of the aortic valve is suhstantially 
decreased, pleas for early operation arc likel.v to continue unheard hy cardi¬ 
ologists. This reitort will deal primaril.v with e\j)crimcntal cft’orls to provide 
a .smoother avenue to the aortic tunnel. 

Human apitlication of Ale.sis Carrel's c.si)eiimental work on the aortic and 
imimonary valves, reported in 1910' and 1914-, came slowl.v and at great cost. 
Blind approaches, initiated hy Tiifficr,-’ Brock,' Smith.s- and Parker," and 
Niedner” and po])ularized h.v Baiic.v' and Olover' and their associates, are 
clearly inferior to any direct method the performance of which is attended h.v 
a respectable operative risk. After the woik of Neville and Clowes” e.vposcd 
Cookson’s'” mi.sconception that the sucking action of the heating heart would pre¬ 
dispose to coronary air einholism, Lewis," .Swan,'” and Lillehei'" operated upon 
the aortic valve under direct vision. The open method achieved introduction if 
not approbation. 

In the 3-year period since the inauguration of direct vision .surger.v for the 
aortic valve, certain impiovements and changes have dc\eloped. The alwa.\.s 
huiTied, often frantic, valvulotomy, dnrinsr hvqjothcrmia alone, is obsolete. 
Lewis" prefers the raemhi'ane oxygenator and moderate h.^iothermia with 
coronary perfusion; this iiermits nnlnirried, calculated suigery of the aortic 
vahe In most case.s, Lillehei''" feels that the bubble ox.vgenator with .some 
kiml of eoronaiy perfusion at normal tempenifuie is' the least diffietdt tccliniqup. 

I lom tin Department of Surpery. Stanfonl School of 5Ie«lkine. St/mfonl 

Umvisitv Ho'-pit lie. San K^»nf‘I^co l"i. Calif 

Thi" work «as ««uppoite<l l>y prant? fi€»ni the XationnI Heart ln«!titut^aruJ Iho 
Fr.incjsoo H* tit V't'ociation _ 
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It seems at this writing that congenital aortic stenosis differs importantly 
fiom acquired disease in that an oxygen source is not essential for the myo¬ 
cardium duriiig valvuloplasty. Depleted cardiac reserve, usually present in 
acquii’cd lesions, necessitates the use of some kind of coronary perfusion. Elec¬ 
tive cardiac arrest with potassium citrate, acetylcholine, ventricular fibrillation, 
or anoxia is probably not advisable in most cases of acquired aortic disease. 

The experiments reported herein pertain to tlie delineation of improved 
methods for coronaiy perfusion during exposure of the aortic orifice. Cardio¬ 
pulmonary bypass was aeliieved by means of a rotating disc oxygenator. It is 
clear that any method of coronary perfusion suitable for open surgical treatment 
of aortic stenosis would be equally applicable in the direct attack on regurgita¬ 
tion. Actually, coronary ostial eannulation is more easily accomplished in the 
dilated aortic ring than in patients with aortic stenosis. All combinations of 
stenosis and insufficiency may be encountered; in fact, the need for time to cor¬ 
rect postvalvulotomy regurgitation was a prime factor in the trend away from 
h 3 q)otherniia. 

RETROGRADE CORONARY PERFUSION 

Accepting the premise that some kind of coi'onary perfusion was essential, 
we turned first to retrograde perfusion of the coronary sinus. Lillehei and his 
associates^® are properly credited with the first clinical trial of retroperfusion 
to achieve direct view of the aortic valve. Initially, the patulous coronary sinus 
was eannulated with a plastic catheter which was then sutured into position to 
prevent dislocation during the operative procediu’e on the aortic valve. The 
most attractive feature of retrograde perfusion is that the coronary circulation, 
though reversed, is never interrupted since the necessaiy eannulation is effected 
via atriotomy during cardiac perfusion from the heart-lung apparatus. Blood 
flows from a reservoir into the coronaiy sinus as soon as the aoifia is occluded 
and incised distal to the vah-e. Distance from the reservoir to the heart is 
usually held at 50 to 75 cm. The reservoir is transfused from the arterial limb 
of the heart-lung machine so that warm, oxygenated blood is always available. 
Some recent work by Berne, Jones, and Cross*" suggests that cold blood may be 
acceptable, but our experience with this is accidental, when blood approached 
room temperature due to early filling of the reseiu’oir, and no conclusions can be 
dx*awn. 

Proximity of the atrioventricular node to the coronary sinus warns against 
suture fixation of whatever cannula is used for the perfusion. Clinically, gross 
and persistent conduction aberrations have resulted from such a maneuver. The 
logical alternatix’e to suture-fixation is use of a No. 10 to No. 18 Fr. Foley 
catheter with a 5 c.c. balloon. Inflation of the balloon with blood or saline solu¬ 
tion prevents escape of the catheter from its wedge position in the coronary 
sinus. The anterior coronary and Thebesian veins are available to transport 
blood into the cardiac chambers after the Foley balloon is distended but before 
the onset of I’etrograde coronary pexTusion. This technique was used in 
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nimici'oiis clo^ experimont.s willi consistent and interesting results. The flow 
rate for eiicli I’ctroperfusion was between 35 and 55 e.c. per minute. The 
method is depicted in Fig. ]. 

Althongli aninnd survival was the rule, cevtaiu disadvantages appeared 
inseparable from the method. A considerable amount of arterialized blood 
escaped into the right atrium and right ventricle, failing to complete the route 
through the ea])illary bed. This fraction of the perfusate was totally denied to 
the myocardium. Another clear disadvantage wa.s the very small volume of 
blood emanating from the right coronary ostium. This indicated the left side of 
the heart was perfu.sod to the near e.'cclnsion of the right. Gregg''* would have 



Coronanj Jmus 

1.—An iicot’ptnble method for retropfatle coronirj’ perfusion. 

I)redicted this phcnomenoii from his exhaustive studies of the coronary circula¬ 
tion. The third and mo.st striking disadvantage la.v in the behavior of the heart¬ 
beat during retrograde coronai'y perfusion. The heart would approach stand- 
•still; tlion, as though the heart were shifting gcais, the rh.vthm retunied to the 
modulated vigor characteristic of the heart during cardiopnlmonar.v bypass. 
Color of the myocardium remained pink in mo.st e.xporimcnts. In one animal, 
complete heart block preceded the routine episode of severe hrad.ycardia. This 
borderline standstill developed in each animal .just after reversal of the coronary 
eirenlation. 

Postmortem studie.s in 2 animals were sufficient to .strengthen the impres¬ 
sion that something otlier than reti’ogradc eoi-onar.v perfn.sion was the answer 
to the general problem. A huge nicer and as.soeinted thrombus congruent ,with 
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the^ site of the Foley balloon obstructed completely the coronary sinus—right 
atnal junction in one dog. In the other, similar but less striking changes were 
observed. The possibility that acute and total occlusion of the coronary sinus 
may not be^ serious detracted little from our disappointment in noting that 
balloon fixation was not unattended by complications. 

Duration of retroperfusion was ]5 minutes. The perfusate was aspirated 
and discarded. Floiv rates for tlie body perfusion varied from 65 to 85 c.c. per 
kilogram per minute. 
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Fig 2 —Individual cannulation of the coronary ostia Inset shons detail of cannula 
CORONARY OSTI VL PERFUSION 

In turning from retrograde to forward coronaiy perfusion, the first problem 
was selection of an appropriate catheter. Studies of tlie anatomy of the coronaiy 
ostia in dogs revealed that in most animals the riglit coronary ostium was very 
small, essentially precluding direct cannulation. The left coronary arteiy fre¬ 
quently trifurcates immediately below the aortic surface thereby preventing any 
considerable length of cannulation. The catheter, therefore, could not be wedged 
into the coronary artery, and the need for constant control of the catheter tip 
indicated that some relatively indexible material would be.st meet this require¬ 
ment. The matter of catheter type suddenly became an important consideration. 
The design of the malleable metal catheter ultimately evolved is seen in Fig. 2. 
The rubber cuff prevents reflux of arterialized blood into the operative area, 
and extra holes in the catheter tip tend to avert obstruction due to changing 
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aiimilation ol tlic instuimeiit Aiiotliti acbantagc to malleable metal is tlio 
lact that caiitmlation is necomiilislicd almost instantaiieoiish iMtli Msiiah^ation 
ot the ostia No additional loiccps is iitodid to manipulate the caiimila into 
the coionain lesscl The catliitei is coated iMtli silicone as aie all metal glass 
and inblici snilaces in the c\tiacoipoic.il lic.iit lung ciiuiit 

tiia\it\ floM o\ci a distance ol 100 to 200 cm suffices to piopol blood tiom 
a iLseivoii into the alters The floss latc s.iiied tiom 25 to 50 oc pci minute, 
and duiatiou ot coionais pcifiisiou ssas 15 mimitcs Onls the left toiouais 
aiteis ssas pci fused The (piaiits of heaitbcat ssas much impiovcd osei that 
oliseiscd suth letiogiade poifiision, ocitaiiils an cspccted finding Ventnciilni 
hill illation did not occui in ans cspciimciit At the outset ssc svcio tonceined 
lest filiiillatioii ho stimul.itcd bs s\hates ci potential desclops at the inteifacc of 
o\sgcn<ited and iionoss genated msoeaidiiim The ssoih lis Biolman, Leigh 
iiingei, and BcoK'" siould indicate that scntiiculai fibi illation might ho cvpectcd, 
paiticul.arls upon lesumption of total caidiae pel fusion No sonous aiistlimias 
u Cl 0 noted 

Anatomic studios in man shossed that foissaid pcifusiou ssith ludisidual 
oannulation ot both coionais ostia could be casils pcifoimed Fig 2 ahosss 
cannulatiou of both stsscls, sshich ssould be adsisnblo in human beings though 
iioails impossible, and pcih.ips unncccssais, in the dog The ascending aorta 
in man foituuateb is casici to ssoik ssith than in dogs One animal ssas lost 
fiom delasod hcmoiihago .it the aoitic incision attci a pioceduic leiiiaikablo 
foi its ditflc lilts in closing the .101 totoms 

A point sse belies o to be ol pai amount impoitancc is tlie use of a lett 
atiial catbetei to empts the lett side of the heait Visu.di/atioii and oannulation 
of the coionais osti.i is aceomplislied ssith great dispatch if a left atiial cathctei 
IS emplosed Fuitheimoie, at the eoiicliision of the pioccduie the left hoait 
mas 1)0 filled ssith blood oi saline solution bs means of the cathctei to onsuie 
displacement of all an In dogs, sse intioduecd a No 18 Pi plastic oatlieter 
into the lelt .stinim tliioiigli a pulmonaij sem, the blood ss.ss loUnned to the 
oxjgcnatoi sia the coioiiaij diaiiiage att.schmetit Decompiession of the left 
side of tlio lieait is essential sslien no septal defect c\ists The opeiatise field 
IS ncailj bloodless ssith lemos.d of lelt atiial input 

SUSISIVRS SND CO'VCL.USIONS 

AVhile the seseial foims of elcctisc cardiac .uicst mas he applied to the 
suigical tieatmcnt of cougonital aoitie salsulai disease undei duect sision, 
some kind ot coionais pcifusion is ncetssais toi the csposuio of acqmied dis 
eases Heaits ssith gicatls deoieascd icseisc aic intolei.int ol ans knossn ts^pe 
of aiiest Retiogiade pei fusion ot the coionais sinus pi os ides coiitiiiuous mso 
caidial ONjgenation Lntoitunatcis, coionais sinus peitusiou loaches pimci 
palls onls the left side ot the hcait, and the pioblein of c.vimula fixation icmains 
incompletelj solscd Bisfoitions in the heaitbeat induced bs leseisal of the 
eoionais eiieulation also dctiaet fiom the use of this tcclniU(Ue 
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Individual eannuiation of the coronarj’' o.slia, after prompt emptying of the 
heart by means of the left atn'al catheter, supplies an acceptable method for 
maintenance of cardiac circulation during- direct approaches to the aorlie valve. 
If anything, aortic insufficiency provides an easier field in which 1o work than 
does stenosis. A malleable metal, siliconized cannula vith rubber cuff and 
multiple holes in the tip is suggc.sted as an appropi-iate in.sti'ument for direct 
coronary ostial perfu.sion. 
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SCOLIOSIS AND HERNIATION AFTER OSTEOPLASTIC 
THORACOPLASTY 

Viking Olov Bpik, Al D and Roland Bnnnei, A! D, 

Uppsala and Slockholin, Siieden 

S iNCF tlio antioduction of osteophstic thoi.ieoplastj in 1952, it has been 
petfoinied hy ns in 200 oases The technique has been tnhen up in innnj 
chest eonteis espeei<ill 3 in Ltiiope Compaiecl with othei space diminish 
ing methods of the thoiacic caiitj as an addition to pulmonaiy lesection 
foi tubeionlosis, it has the following ad\aiitages (1) The sue of the tho 
lacic catitj’ can bo tailored to fit the remaining lung paionchyma (2) The 
fixation of nbs mil least a stable chest nail nithoiit paiadoMonl mote 
inents, thus, coughing is effectne and lentilation unimpniiod The osteo 
plastic thoiacoplastj can therefoic be peifoimcd at the end of the pulmonai'y 
leseetioji mthoiit maiaasing the nsk lot the patient The nehantage of a 
one stage pioeedure is obvious (3) The dociease in size of the thoiaoio 
cavity obtained at operation is pennaiient (4) The functional lesult, both 
as legards pulmonai'j funotion and am movements is excellent The cos 
mctic lesult is excellent and the defonnitr encounfeied is practically only 
risible in the axilla nhen the patient elevates his aims 

The aim of this paper is to emphasize important technical details and 
to lopoit scoliosis and heiouation of the lung in 104 patients from one to 5 
jears aftei the opoiation 

HEB'SIITION OP THE LUXG ABOIF THE KOOr 

The aim of the osteoplastic thoineoplasty is to obtain a peimanent de 
cicase of the thoiaeic cantj Theicfoie, ceitain steps aio taken to pieient 
a heiniation of the lung aboie the loof 

1 TJio second nh is made as shoit as possible, thus, it mil bo stiaightei 
and It can be placed as close as possible to the nicdi istiuum 

2 The costal caitdage is incised, facilitating fixation of the second iib 
to the mediastinum This is a leij iiiipoitaiit technical detail not peifornied 
in the beginning When heiniation nas detected in some of the eailier eases 

From the Thoracic Surgical Department tJnKersItj Clinic Uppsala and tiie Roentgen 
Department Sabbatsberg Hospital Stockholm Heatl B Holmgren ^ID 

This ^ork nas aided hy Tie Swedish Isatlonal Vssociatlon Against Tuberculosis 
Received for publication No\ 26 1958 
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Fig:. 1.—In the beg^inning:, the second rib was bent in the costal cartilage and there¬ 
fore a larger space resulted anteriorly between the rib and mediastinum causing herniation 
in many cases. 



Fig. 2,—"When the cartilage was incised anteriorly it was possible to place the second rib 
close to the mediastinum, preventing herniation. 
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and found to bo aiiteriorlyj tliis stop was added and was found to decrease 
the incidence of herniation (Figs. 1 and 2). 

3. The posterior end of the second rib is fixed by a nylon thread through 
a drill hole and then to the costovertebral ligament (Figs. 3 and 4). 

4. The intercostal muscle bundle left on the top of the second rib is fixed 
to mediastinal tissue by a row of intercostal sutures, thus closing the roof of 
the chest mediall}^ (see Fig. 1). 

NUMBER OF 



Of the 104 eases investigated, 17 had the first rib removed, in all the 
other cases the first rib Avas left in place. There Avas the same incidence of 
herniation Avhether the first rib AA^as left in place or not. Furthermore, the 
same incidence of herniation Avas found if the operation aa'bs earried out on 
the left or right side 

In the Avhole material the folloAving degree of herniation Avas found: 


No heimiation 64% 

The lung 0.5 to 2 cm. aboAe the roof 19% 

The lung 2.5 to 4 cm. above the roof 9% 

The lung 4.5 to 7 cm. aboAm the roof 8% 


Fig-. 6—A roentgenogram of a 57-jear-old man, nho has had a rjght upper Jobectomy 

and osteoplastic thoracoplasty. The second rib was not placed as close to mediastinum as 

possible, resulting in a big herniation The hernia yas 7 cm abo\e the roof There ^^as 
a tracheal deMation of 2 cm and a scoliosis of 1 cm. o\er to the right side The diaphrag¬ 
matic movement v as 5 cm on the right and 7 cm on the left side 

Fig 7 —A roentgenogram of a 42-year-old woman, who had had resection of the supe- 

lioi lobe and superior segment of the lower lobe on the right side mth an osteoplastic thora¬ 

coplasty Aftei 3 jears this y-raj film nas taken which demonstrates no hermation <i 
scoliosis of 2 cm, and deviation of the trachea of 4 cm over to the right side The right 
side of the diaphragm mo\ ed 6 cm, w hile the left side moved 7 cm Bronchospirometry 
showed an ovjgen uptake of 23 pei cent on the right side 
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As some of fhe .ibo3 e mentioned tccliiueal details weie woiked out dui 
ing 19o3, and the final toehiuque adopted dining 1934, it is interesting to 
see lura import nil these tcchnienl details aic in piovciitiiig licmiation Of 
patients opoi.ited on in 1953, oiil^ 38 pei cent neic ivitliout heiuiation, in 



Fig- 10—Thiv X ra> film is of n. •J’je'iroll man \i.lio lias lind bUateral resections 
Mlth osteoplastic joof tlioracopIasiJes on both sides There Is no hermation on eltKr side 
The first rib is left intact on botli sides There is a scoliosis of 1 cm to the richt side ii 
trad eal de\IatIon of 1 cm to the »Ij?ht side The diai hragm nio\es ^ cm on the right an 1 

C cm on the left sllo Thiee icars after tlie operation tin- pntit.nt Is In an excellent con 

ditlon •l^olklnh full time Oxjgcn upt ikc on the rlglit side 5" i er cent on the left slip 

4 1 per cent. Aentditlon on the right sHc is ’’C on tie left 44 Sputum and gastiic wash 

Ings are negxtive b> g-uinca j ig test 

the ones fiom 1954, 52 pel cent, iiliilc in the oases fiom 1955 as mam as 
9(5 pel cent iveio iMthout liciination The degico of lieiiiiation in cases 
fiom the diffeioiit yeu-s mil be shown in f-igs 5 10 

It can, thoicfoic ho eoiieliided tint if the technique is follouod in de 
tail theie will be a negligible incidence of hciniatioii of lung aboie the loof 


Fig 8—^An a. raj film of a 3 D year old woman who hid had resection of tlie supcilor 

lobe and tho superior segment of the lo%^e^ lobe on tic left side plus ostpoplastlc thoraco 

plastj After i jears of observation there was no leinintion above the roof a scoliosis 

of 2 cm and a tracheal deviation of 2 cm over to the left side The left side of the dia 

phragm moved 6 cm wide tie right side moved 8 cm 

J of a 41>earold man who had had a rjght conventional 

thorac jears prcvlouslj Tie film shows a re expansion of the right 

upper On the left side on the otiier hand tho film shows the results 

of a tenor and anterior segments of tlie left upper lobe plus tiio 

superior segment of the loner lobe with an osteoplastic thoracoplastj iM-rformtil 4 vears 
previouslj Four jears after tliis operation there Is no herniation above the roof tliere 
is no scoliosis but a tnciical deviation of 1 cm over to the left The left and right sides 
of the dlaplirogm move equallj 5 cm 
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There was no differenee in the degree of scoliosis whether the first rib 
was left in place or resected. To mea.sure the amount of scoliosis, a line was 
drawn on the frontal roentgenogram between the midpoint of the first and 
twelfth thoracic vertebra. 

The maximal deviation from this line was measured and the folloiving 
values obtained; 


No scoliosis 

0.5 to 1 cm. deviation 

1.5 to 2 cm. deviation 

2.5 to 3 cm. deviation 


13% 

43% 

36% 

8 % 


Some scoliosis was therefore found in 87 per cent of the cases. In most 
of these eases there was onlj^ a slight seo]io.sis, 43 per cent. A moderate 
scoliosis was encountered in 36 per cent. A severe scoliosis was only found 
in 8 per cent. 


Tracheal Deviation .—The tracheal deviation was measured in centi¬ 
meters from the same line between the first and the twelfth thoracic verte¬ 
bra used for calculation of the scoliosis. Usually there was a tracheal devi¬ 
ation to the operated side. 

The tracheal deviation was found to be somewhat smaller if the first rib 
was resected on the right side, on an average of 1.8 cm. as compared with 
2 cm. for cases where the fiist rib was left behind. The corresponding values 
on the left side w'-ere 1.1 cm. when the first rib was resected and 1.7 cm, -when 
it Avas left behind. 

Fxirthermore, thei-e was less tracheal deviation if the patient was oper¬ 
ated upon on the left side. This is to be expected as the position of the aorta 
will diminish the dematiou of the trachea to the left side. The deviation of 
the trachea Avas ahvays to the side of operation AAUth the exception of one 
ease in Avhieh a contralateral fibrothorax kept the trachea fixed 2 cm. to the 
opposite side of the operation. 

There Avas some correlation betAveen the tracheal deAuation and the 
scoliosis. A more pronounced scoliosis Avas usually accompanied by a greater 
deAuation of the trachea (Table I). 


Table I. The Cokrelatiok Betaveex the Scoliosis and the Dea’iation of Trachea After 

AX Osteoplastic Thoracoplasty 


i 

NO. OF CASES 

SCOLIOSIS 1 

(CM.) I 

1 tracheal BEVIATIOX (cm.) 

1 AVERAGE 1 

Range 

13 

0 

1.3 

0-2.5 

39 

0.5-1.0 

1.4 

0-3 

39 

1.5-2.0 

2.0 

0-4 

8 

2.5-3.0 

2.3 

1-3 


Diaphragmatic Movements .—No seAure impairment of the diaphragmatic 
nioA'^ements Avas encountered after pulmonaiy resection AAuth an osteoplastic 
thoracoplasty. After right-sided operation, the maximal diaphragmatic moAm- 
ments AA'ere on the right side on an aAmrage 4.5 cm., range from 2 to 9.5 cm., 
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ns ooiiiparecl witli an avei-age of 5.6 cm., range from 2 lo 9 cm. After a left- 
sided operation, the loft diaphragm moved on an average of 4,6 em., range 
from 2 to 7 cm., a.s compared with the right which on an average moved 5.8 
em., range from 3 to 10 cm. 

SOTIJIAnV 

A follow-iip study has Ijeen carried out on 104 ijatieuts tiudei-going piil- 
mouai-y resection with an osteopla.stic thoracoplasty in order to c.stimate the 
degree of scoliosis, herniation, tracheal deviation, and the diaphragmatic 
movements. In the heginning, a hcniiation of the lung above the roof was 
encountered rather frequently. When the teehnique was further developed, 
with incision in the second costal cartilage and a fixation of the .second inter¬ 
costal muscle bundle to the mediastinal pleura, the incidence of herniation 
became negligible. 
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FUNCTIONAL STENOSIS DUE TO BRONCHIAL ANGULATION 

C. H. Nicholson, M.D., /. B. Perkins, M.D., E. B. Emerson, Jr., M.D., 
and G. L. Emerson, M.D., Batavia, N. Y. 

A SIGNIFICANT Consideration in determining tlie extent of pulmonaiy resec¬ 
tion for tuberculosis is the presence or absence of bronchial stenosis. 
Functional stenosis due to kinking of the bronchus by extrinsic disease may 
resemble cndoscopically the fixed stenosis due to intrinsic thickening. 

B.jbrk in a series of 1,000 resections reported 4 eases with a diagnosis of 
apiiarent bronchial stenosis. They Averc a.ssoeiatcd with lower lung field dis¬ 
ease causing a “dislocation of the lung by pleural effusion and fibrosis.” 
At exploration, one udth bronehotomy, the apparent stenosis was found to 
be due to simple kinking of the bronchus. 

In a series of 200 resection eases, we noted 4 patients Avith destroyed left 
iipiier lobes A\dio shoAved bronchial angulation Arhich .simulated anatomic 
stenosis at the time of preoperathm bronchoscopy. On first inspection of the 
bronchus, it appcai-cd that intrinsic stenosis Avas present and that pneumo¬ 
nectomy Avould be indicated. Such a course Avas to be aAmided if possible as 
these patients generally haAm contralateral disease and a limited pulmonary 
reserve. To preseiwe the large Amlunie of parenchyma in the loAver lobe, it 
Avas important to recognize that the deformity Avas due mainly to cxtrin.sie 
factors. 

Bronchograms of 3 of those, and of another Avho refused .surgery, illus¬ 
trated the typical defoi-mity pictorially (Fig. 1). The characteristic finding 
Avas a loft main bronchus AAdiich curved outAvard and then upA\'-ard, leading 
directly into the upper lobe orifice rather than the loAA'er. The loAAmr lobe 
took off from this upAAmrd curAm in a sharply posterior and doAAoiAAGard direc¬ 
tion, lArodueing marked angulation. Tubei’culous bronchiectasis Avas present 
in the upper lobe in each ease, and in the superior segment in one. No sig¬ 
nificant basilar bronchiectasis due to poor drainage AAms cAudent. Serial tomo- 
gram.s shoAved that the bronchial deformity Avas not present during the acute 
stage of the disease but dcA’eloped as the destroyed left upper lobe contracted. 

The sputum was persistently posithm and resistant to isonicotinic acid 
hydrazide and streptomycin in 3 cases at the time of surgery. The pulmonary 
findings by x-ray and exijloration in each case Avere those of a contracted. 

Prom the Surgical Service, Veterans Administration Hospital, Batavia, N. Y., and the 
University of Rochester, School of Medicine and Dentistry, Rochester, N. Y. 
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destroyed left upper lobe witli open c.ivitation, an overdistended lower lobe, 
and pleural and peribronchial tixalion by fibrosis. A left upper loboetoiny, 
with combined su))erior sogmentectonij' in one, and an attempt to free the 
angulated l)ri)nchu.s was carried out in each case. The postoperative course 
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During a 2- to 4-year follow-up, x-ray studies have revealed a stable lung 
and no positive cultures have been obtained. Results are considered good for 
control of the tuberculosis. Recent bronchogranis of 3 patients show partial 
correction of the functional stenosis and no evidence of basilar bronchiectasis. 
One patient has developed cylindrical stenosis of the lower lobe bronchus. 
Clinically, they have all been quite free of eougli or sputum production. 

SUMMARY 

A destroyed, eonti-aeted left upper lobe may be associated with .sufficient 
angulation of the lower lobe bronchus to cause functional stenosis. This is 
easily confused endoseopicall}^ with the anatomic stenosis produced by in¬ 
trinsic bronchial disease. Recognition of this condition may allow conserva¬ 
tion of pulmonary tissue at operation. Four such cases are reported. 
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RUPTURES IN THE BRONCHIAL TREE DUE TO BLUNT TRAUMA 

Llinoie M Aionstani Lieutenant Colonel MC, USA, James G Inman, Colonel, 
AIC, USA ami Ftankltn Mitchell, Captain, ylJC USA, Neiibittcke, Get man) 

M UCH piogiess iii the handhii'r of ehcst minnes has oecunecl since the 
htgimiingr ol AVoild AYai IT Sinnl.iili nianj inipioiccl siiigic.il and 
.inesthetie tecliniqiics h.no hcon doieloped to help cope ivitli the iiioie seiioiis 
injuries, such as those to the ti itlica and hioiiclii 

Blunt iiguncs to the thoia\ haii been implicated as the cause of iiiani 
p ithologic states diapluagniatic lacerations, intiapulinonan hematomas, 
and caMties, laceiations of the gieat \csscls and niptuies of the tiachea oi 
liionchi Till lattci tipc of iiijuii has been lafhoi laie Neterthelcss, tt is 
lieooming appuent that uith caih diagnosis and piopei management, pa 
tients with these iiguiics c.in bo ustoicd to full actnits 

A leiieu In Ivinsclla and .Joliiisiud m 1947’ demonstrated a 33 pei cent 
moit.ilitj associated «itli these conditions ‘Sccondarj lepaii m patients m ho 
luckih siiniie the iiniu:} is exticmcli difbmlt and plagued In the pioblems 
ot bioiichosteiiosis .and giafting It is oinious that ideal tieatment Mould 
be piompt siiigical lepaii A\e liaic found onlj thiec lepoits of successful 
piimai) opeiations Oiiffitir lepoitcd such an opiiation in 1949, Scannell’ 
piimniils icpaiicd a laceiation of the tlioiacie tiachea, lepoi-tiiig it in 1951 
Riehaids .and Cohn’ icpoited a siimlai case in August, 1955 These patients 
aie indeed dcspei.atelj ill but m licit anesthesia is skillfulli handled coiiectne 
suigeij can bo aeconiplished Recent e\pciiciiees Mith 2 despeiatelj injiiitd 
pdionts justifs tins point of mom 

Cisr RLPORTb 

CvSL 1 — A. Sjjcarold urman was struck b\ the steering pO'st of his Tutotnobilo in 
a head on collision Ho received emergciicj treatment at a nearby ho^pltnl, where he 
was found to have «e\cr<_ djspnea vutli cvtensivo subcut uieous euiphvsoma over neck, 
chest, abdomen, and nrin<5 V right tension pneumothornv was pre‘«ent, n ‘^niTlI catheter 
was inserted into the right chest and connected to the undcrwati r «cnl bottle {Fig 1) 
As leakage of air vras trcineiidou& and continuous even during expiration, a bronchial 
tear was suspected The patient was qiiicIU transported to a general hospital, where 
bronchoscopv was performed under topical nncstheMa TJio bronchoscope passed into the 
mediastinum through a rent at the bifurcation of the trachea As visualization was 

From the TliorncSc and XnesthesH Services 9Sth General Hospital Iseubnicke Gemianj 
Received for publication Dec 5 195S 


93 



AEOXSTAIM, TXMAX, iMTTCIIELL 


J Thoracic and 
Cardio\as Surg 


9i 

impaired, the scope was quickly withdrawn. The patient was adequately ventilated with 
oxygen and was then rapidly intubated, utilizing minimal amount of Pentothal followed 
by Anectine. A Carlen’s endobronchial catheter as utilized, enabling the anesthesiologist 
to ventilate either lung and proved to be of gieat value in the almost constant bronchial 
aspiration that was necessary to remove the secretions. A standard right thoracotomj 





Fig. 1 —Case 1. Preoperative x-ray film 



Fig- 2—Case 1. Tracheal tear- 
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was performed. On enterinff the chest, a tension pneumotlioras: (present despite the 
catlietor drainage) was relieved. Air escaped violently into the pleural cavity from an 
opening into the mediastinum between the inferior and superior pulmonary veins. This 
was tamponaded with a lap pad to permit partial inflation of the right lung. The posterior 
mediastinum was opened and the azygos vein divided, exposing the trachea. The cir¬ 
cumferential tear through the carinn had almost completely separated the right main 
stem from the trachea (Fig. 2). - The CarJen^s catheter was inserted into the left main 
bronchus, its balloon inflated, and the trachea repaired with interrupted line silk suture^. 



Fiff. 3. Fir. 4. 

PiR. 3.—Case 1, PostojxTiitlve .x-ray film. 

Fig-, 4.—Case 1, I>nte postopciativc x-ray ftlui. 


It wa.s noted that the right lung foH extremely crepitant. This was a course crepitu.*!, 
similar to that felt in the skin. A fair degree of interstitial emphysema wa.s presumed 
to bo present. The anesthesiologist commented upon the re.<5istance of the lungs to his 
juaniinl ventilation despite a clear airway. The chest was cJosfy? with underwater-soal 
catheter drainage and a tracheotomy was performed (Fig. 3). The patient gradually 
became less and less short of breath during the week following operation. Ho was 
bronchoscoped one month following surgerj' (Fig. 4). The trachea was then well healed 
with no evidence of stenosis. The patient wa.‘t returned to full duty. 

Case 2.—This patient sustained a similar blunt injury in an automobile accident. 
Ho was hospitalized promptlj- and found to be severely dy.'tpneic with emphysema of the 
neck, shoulders, left side of the chest and abdomen. A tracheotomy was performed. 
However, dyspnea did not abate and emphysema became more ^^*idesp^ead. A left pneumo¬ 
thorax was noted. A catheter was i»laecd anteriorly in the left chest and a tension 
pneumothora.x partly relieved. The right lung remained fully expanded throughout the 
course. Consultation was then obtained as the patient did not improve. Twenty-four 
hours after injury' tJie patient w'as operated upon. After a snialj dosage of Pcntothal 
and Anectine, a Carlcn’s catheter was rapidly inserted into the trachea and the left chest 
opened through a standard incision. A tension pneumothorax was present. The patient 
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had sustained a deeji laceration of the lingula, tearing a segmental branch from which 
a sizable air leak occurred. A small intrapulmonary hematoma was present in the lower 
lung. In addition, the lung was extremely crepitant, again indicating interstitial em¬ 
physema. The anesthesiologist again commented on the difficulty of ventilating this 
patient. The torn bronchus was ligated and covered with adjacent pulmonary parenchyma. 
Throughout this manipulation, the anesthesiologist experienced difficulty in clearing the 
left-main stem bronchus of dark blood. As exploration of the mediastinum (carina and 
main-stem bronchus) showed no further damage, the chest was closed after insertion of 
catheters. The tracheotomy wound was opened and a small tli.yroid ima artery was 
found to be open and bleeding into the trachea. This was ligated and a tracheotomy 
tube was re-inserted as the Carlen’s catheter was withdrawn. As expected, the patient 
was improved, but still dyspneic for several days following surgery. However, he eventu¬ 
ally made a very satisfactory recoverj' from his injury. 


SUJIMARY 

It is oiir firm belief that prompt clinical recognition of bronchial tears 
permitted successful surgeiy in these patients. The presence of subcutaneous 
emphysema, dyspnea, and tension pneumothorax were the presenting symp¬ 
toms and the key to diagnosis. Early operative efforts were rewarded by 
good healing without serious sequelae (stenosis, atelectasis, and infection). 
The Carlen’s catheter was most useful in permitting ventilation of one lung 
while the other was out of the surgical field. The successful anesthetic 
management in each case, rapid intubation under Pentothal and Aneetine 
anesthesia lent itself well to the problems at hand. The presence of interstitial 
emphysema in the lungs was noted with interest. Certainly it delayed return 
of adequate ventilation for several days following surgery and tracheotomy 
'was most helpful in this critical situation. 
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chondral union, and 2 “floating” anteriorly. Despite the fact that the dog 
has a greater number of ribs attaching to the sternum, his costochondral 
attachments and therefore his entire rib cage are more flexible than man’s. 
This greater flexibility is an anatomic adaptation to the dog’s need for a 
proportionately greater vital capacity to accommodate running. It is this 
same greater costochondral flexibility that allows wide intercostal exposure 
in the thoracotomy Avithout the need for lib resection. 

2. Clavicle: In the dog there is no clavicle intei*posed between the acro¬ 
mion of the scapula and the manubrium stemi. In forming the anterior por¬ 
tion of the shoulder girdle in man, the claA'icle has nearly a dozen musculai' 
and ligamentous attachments. AVith the absence of the clavicle in the dog, 
the anatomic relationships of these attachments are distinctly altered. 

M^iscvlar .— 

1. Scalemis: In both dog and man, the scalenus is p]Imaril 5 ’’ an accessoiy 
mu.sele of inspiration, avising from the tvansvevse processes of the lower 4 
to 6 ceiwical vertebrae. As in the human being, the scalenus of the dog forms 
three distinct muscle bundles, anticus, medius, and posticus. In man, the 
scalenus anticus and mednis insert on the inner and upper surfaces of the fii’st 
rib, respectively, Avhile the posticus inserts on the outer surface of the second 
rib. In the canine, the anticus (scalenus priniae costae) similarly inserts onto 
the first rib. The posticus of the dog, hoAvever, has its inferior attachment on 
the fourth rib. i\Iost important for this discussion is the medius, the largest and 
longest portion of the scalenus, Avhich inserts onto ribs 5 through 9 via an 
extensive aponeurosis partly hidden by the overlying external abdominal oblique. 

2. Serratus anterior (ventralis): In man, this muscle is a thin muscular 
sheet ailsing by fleshy digitations from the outer surface and superior boz’ders 
of the upper 8 or 9 i-ibs, and inserting onto the vertebral aspect of the scapula. 
Its action in man is primarily rotation of the scapida as occui’S Avith raising 
and loAvering of the shoulder and Avith pushing. In the dog, the serratus 
anterior is much more highly dcA'eloped and more poAverful, since the right 
and left serratus muscles form a muscular “sling,” supporting the Aveight 
of the trank onto the pectoral limbs, especially during ranning or leaping. 
For this greater function the muscle has a greater trank distribution, arising 
from the transverse processes of the loAver 5 cerA’ical Amrtebrae as Avell as 
from the lateral surfaces of the upper 8 or 9 ribs. 

3. Rectus abdominus: In both man and dog, this muscle originates at the 
pubic crests. In man, the rectus extends superiorly to insert on the anterior 
cartilaginous portions of ribs 5, 6, and 7. In the dog, the rectus travei’ses the 
entire thoi’aeic cage to insert superiorly onto the first rib. This longer dis¬ 
tribution in the dog alloAA^s the rectus to aid in the advancement of the hind 
limbs dtuing gallop. 

Some of the more iznportant relationships of these muscles are depicted 
in Pig. 1. Occasionally A'ariations from the normal Avill occur. In tAvo experi¬ 
ments, for example, the scalenus medius had its insertion begin on rib 6 rather 
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than ril> 5. Since this nnisclc is a pai-tienlarly important landmark, its exact 
clistrihution .should he a.seertaincd in each in.stanee. It should be noted, fur¬ 
thermore, that the Jdtis.titmis (lorn, the cxteninl abdominal oblique, and the 
intercostal muscles of tlic doji are e.ssenfiall.v similar in orieiii, disfribution, and 
function to the corresponding muscles in man. 

Tlin TII0BAC0T03IY 

Anesthesia is induced by intravenous sodium Pentothal, and an en¬ 
dotracheal tube is inserted and connected to a .suitable re.spirator. The dog 
is placed in the completely lateral position, with a pack of towels, 2 or 3 
inches in thickne.ss, inserted under the table side of the animal. This arehes 
the oper.ative .side into better view, and allow.s the shoulder girdle to fall 
forward out of the field of incision. 



1 —The skin and subcutaneous tissue are Incised A sniall incision Is made in tlie sub¬ 
cutaneous fascia at Its function with the latl't'simii'! dorsi 

The rtbs, the latissimus doisi, and leetus abdominus are pnlj)ated and 
the area of the fourth intercostal .space is identified. Inci.sion is made through 
the skin and .subcutaneous ti.ssuc over the fourth intereo.stal .space, some 12 
cm. in length, and extending from approximately 4 cm. doraal to the lateral 
border of the latis-simus doixi ventrally to the lateral border of the rectus 
abdominus. At this juncture the latenal boi-der of the latissimus doi-si is 
identified occupying the upper one third to one half of the wound bed (Fig. 
1) srith the .subcutaneous fascia extending ventrally from its lateral margin. 
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A small incision, 1 cm. in length, is made in the subcntaneons fascia at its 
junction Avith the latissimns doi-si. Both index fingers are inserted into this 
opening and by gentle traction in opposite directions (cephalad and eandad) 
the fascia is separated from its muscnlar attachment. 

Three important landmarks are now seen (Fig. 2, A) (1) the long and 
narroAv scalenus medius, (2) the large digitations of the serratus anterior 
aboAm the scalenus, and (3) the thin superior margin of the extei-nal ab¬ 
dominal oblique OAmriying the beginning of the scalenus medms insertion onto 
the fifth rib. 

Lalisstinus dovs; 



Fig- 2— A, Three inipoitant landmarks are biought into \ieM the scalenus medius, 
the seiiatus anterioi, and tJie evternal abdominal oblique. 

B, The aponeurosis of the medial scalenus is put on stretch u ith a sti aight clamp prior 
to dn ision of its aponeurosis at its insertion onto the fifth rib 


A Straight clamp is inserted under the scalenus medius and is retracted 
caudad, lifting the aponeurosis from its rib cattachment. The stretched aA^as- 
eular aponeurosis (Fig. 2, B) is transected, alloAA'ing the scalenus medius to 
fall cephalad Avith ease, and exposing the fourth intercostal space. It should 
be noted that exposure to the intercostal muscles is aehieA'ed completely by 
muscle retraction. Neither the latissimus dorsi, the external oblique, the 
serratus anterior, nor the scalenus medius need be transected. In order to 
aA’oid bloody transection of the intereostals, the full jaAA' length of a straight 
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clamp is first insei-tccl under the fibeis of the cvtei-nal ijitoi costal miisele inid- 
3vay in tlie intci costal space The muscle fibers aie than sepaiated by either 
incision between the clamp jaws, oi by gentle traction of the clamp towaicl 
the skin (Fig 3, A). The intcinal inteicostal muscle is similaily divided. 

The paiietal pleura is now visualized During the expiiatoiy phase of 
respiration, the pleura is opened The fourth and fifth ribs aie then separated 
by the giadual opening of a self-retaining leti actor At this point, the digi- 
tations of the seiratus anteiior are seen as thick muscle bundles straddling 
the intercostal space in the upper portion of the uoiiiid, the rectus ahdominits 
is identified traversing the lowct aspect of tlie wound If necessary these 
muscles may be split in the direction of their fibers to obtain greater exposure. 



Fig- 3— A, The intercostal tuusc/es are divWod mftiunj fn the /orrii. 

Closure of the thoracotom> is begun bj aDjtroxiriiitlng Uj*- / rii^ 

^vjth tno pcncostal silk sutures ' 


Tnn CLOSURE 
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muscle is now reapproximatod to the subcutaneous fascia (Pig. 4, B), i)refer- 
ably with iuternipted silk sutures. (4) The subcutaneous tissue, and (5) 
the skin are closed in layers. A rubber catheter can be placed in the pleural 
space and brought out through the Avound in order to alloAv asj)iration of air. 
The catheter is remoA-ed before the final suture is set in place. 



Fier. •<—a. The thick liunales of the seitatiis anterior o\eui(hng' the fourth interspace 
are leappioxinnUetl The scalenvis meams is sutuieit to the .intero-suv>ei sor inaigm of the 
evternal abiloniinal oblitiue 

B, The latissiinus iloisi is leappi ovinia ted to tlie subcutaneous fascia. The subcutaneous 
tissue ami sUm aio closeit 


DISCUSSION 

Tn other hiboratories. the latissimus and longissinnis dorsi. the sealemis. 
tlie serratus anterior, the extei-nal abdominal oblique, and the rectus ab- 
dominus are A'ariously incised. Many operatoi’s routinely emi^Ioy subperiosteal 
rib resection.-- ■* It is our experieiico that in the large majority of experi¬ 
mental chest proeodiiros such extensiA'c surgery is unnecessary; it adds to the 
operating time; it entails significant blood loss and trauma: it iiiA-oh-es the 
use of large amounts of foreign body silk; and it makes the closure less secure. 

In OA'cr I.IO dog operations, this neAA' technique has been used AA'ithont a 
single wound complication. The operating time usually does not exceed 3 
minutes for the thoracotomy and 6 minutes for the closure. There is usually 
no bleeding exeept in the inci.sion of the skin and subcutaneous fat, and little 
111- no silk i.s needed for hemostasis beloAA' this leA'el. 
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Jlaioi emphasis is placed upon caieful (cchmtiiie and a thoiough undtt 
standing ol the aintomj as pieietiinsitcs to good thoiacit siiigen in the 
ovpenmcntal animal In the (aniiic the .ibscme of tin, clavicle alteis the 
stuiotiiial lelntionships of a inimbei of miistiilai and ligamentous attach 
ments, paiticulaily that of the scalenus medms uhich becomes an impoitnut 
hndiiiailv in the thoiaeotomj 

AVith this anatonij in mind a ncu technif|iic foi thoiacotonn is de\ eloped 
in uhieli lotiaction of muscle and fasen is the picdomniant feattiie The 
latissnmis doisi and the scalenus mcdius aic sepanted fiom then local fascial 
and aponeuiotic attachments These muscles and the adiaceiit seiiatus an 
teiioi and icctiis abdomnnis aic then ictiacted to allou uidc exposuic to the 
niteicostal spate uithout nb icscction Thus liansection of all niajoi muscles 
IS complttelj aioidcd Because of the caicful thoiacotonn the closine is 
made a simple and setuic piocediiu ot itappioximation 

This new appioith has been emploiid in o\ci IIO caidiic exponincnts 
Mithout a single uound compileition The method Ins pioiod to be quick 
and ensj, aioiding unncccssai:} blood loss and tiaiima and iiltimatoh fatili 
fating the post opoiatnc locoiti'j 

HI iritPNCrs 
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A STUDY OF DIAPHRAGMATIC AND CRURAL INNERVATION 
BY THE DIRECT RECORDING OF ACTION 
POTENTIALS IN THE DOG 

Anthony DiBenedetto, M.D., Arthur A. Siebens, M.D., John J. Gncotti, M.D., 
Austin R. Grant, M.D., and Paul Glass, B.S., Brooklyn, N. Y. 


INTRODUCTION 

S URGERY for hiatus hernia and its related problems has attracted intei’est in 
the innervation of the diaphragm and its component paids surrounding the 
esophagus. Collis and his associates^ have suggested that in performing repar¬ 
ative surgerj'’ of hiatal hernias, the nerve .supply to the left eras may be inter¬ 
rupted. His interest in this problem stimulated him and his co-workers to make 
a thorough anatomic study of the neiwe supply to this region of the body.® Ac¬ 
cording to this work, the light crus was invariably innervated by the light 
phrenic neiwe and the left crus by the left phrenic nen’^e. Botha® extended 
these studies to include a variety of animals, including the dog, and found 
no evidence of contralateral craral innervation either by anatomic technique 
or following phrenic nerve stimulation. Ogawa and co-workers,^ however, re¬ 
cently described crossed innervation of the dogs’ right eras in approximately 
30 per cent of the animals studied. 

Because the difficulties of visually tracing fine nerve tivigs from origin to 
termination are considerable, a physiologic approach to the problem of craral 
innerv-ation was thought to have certain adAmntage,s. In the present study, the 
criterion of innervation was an action potential picked up from crura or 
diaphragms when either phrenic nerve Avas stimulated by single electrical 
pulses. 


JIETHOD 


Eleven mongi’el dogs ivere anesthetized Avith Nembutal and intubated. A 
Pneophore^ demand-type respirator AAms attached to the endotracheal tube to 
proAude ventilation after the thorax Aims opened. A midline incision Avas made 
from .iust beloAV the umbilicus to the sternal notch and the sternum Avas split 


From the Cardiopulmonary Laboratory and the Thoracic Surgical Section 
lyn Veterans Administration Hospital, Brooklsm, N. Y., and the Department 
State University of Nctv York, Downstate Medical Center, Brooklyn, N. A. 
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in tlie midline. Botli plirenic neiTes ivere dissected from tlie mediastinnm. Tiie 
liver was then removed as described by ticVeen and Lewis’ and a plastic 
(Tygon) cannula with an attached side am was interposed between the superior 
and inferior eaval veins. The portal vein was then attached to the side arm. 
This s.vstem allowed restoration of eaval flow from the inferior vena cava and 
portal system (Fig. 1). The animal was immediately heparinized. AVitli tlie 
removal of the livoi', the crura conld be clearly visualized. Plastic elcetrodos 
with imbedded silver wire contact points wei-e then aceurafel.v attached b.v fine 
.suture to each ei'iis and each diaphragmatic leaf (Pig. 1). Contact points of 



^ —^^‘Otograpli of crural electrodes in position The animal’s chest is located su¬ 

periorly, the abdomen jnfertorly. The cut edge of the dlaohiagm extends diagonally across 
upper part of the field. The liver has been renio\ed Each electrode Is on crural muscle. 
The esophagus lies betueen the crura To the right of the dog’s right crus is the cannula 
retaining continuity of the Inferior \ena cava and portal \em 


these recording electrodes were 0.5 nun. in diameter and 3 ram. apart. The 
previously mobilized phrenic nei-vcs were sectioned 4 inches from tiieir tei-mina- 
tion and the distal ends passed through stimulating electrodes. A variable fre¬ 
quency stimulator was used for stimulating nen’es and a 4-cliannel direct re¬ 
corder for recording action potentials. With this an-angement, action potentials 
could he I'ecorded simultaneously from both diaphragmatic leaves and ))Oth 
crura. The piirenie neiwes were stimulated by single pulses. 


RESULTS 

In each of the 11 animahs, action potentials were recorded from tiio riglit 
diapliragm and rigid eriis wlien the right phrenic nei-ve was stimulated, and 
from the left diaphragm and left crus when the left plirenic nerve was stimu¬ 
lated (Table I, Pig. 2). In 4 animals, action potentials were also recoi'ded from 


]0G D] BENEDETTO, STEBENS, CTNCOTTr, GEANT, GLASS T Thoricc .-.nd 

Circhovas Surj,' 

the right crus when tlie lelt or contralateral plirenic nerve Avas stiniulatecl. 
There was no instance in which action potentials froin tlie left crus followed 
stimulation of the right phrenic neiwe. Thus, although the left crus was only 
innervated by the ipsilateral nerve, it was not unusual for the right ciais to bo 
innervated by both phrenic nerves. 


RIGHT 

DIAPHRAGM 


RIGHT 

CRUS 


LEFT 

CRUS 


LEFT 

DIAPHRAGM 




Fig: 2—Action potentials locorded fioni ciuta and diapliiaprni when right (/I) and left 
(B and C) pliienic nei \ es 'were stimulated b) single iiulse.s Recoids A and B illustiate 
ipsilateial innoi ration only Itecoid G shows cro.ssed inneivation of the light ci us by the 
left phienic nerye 


Tabt.b I 


KXPFIlIRrr.NT 

ST^MUIJ^T10N or lUGUT 

rilHFNlC NLRVJ: 

AC'l’lON POTENTIALS FROM 

STIWUhATION OP liFI’T 

I'liiiFNir NrRvn 

ACTION POri.N’ilAI.S FROM 

UP 

1 1 

bp 1 

1.0 1 

KP 1 UC 1 

I,D 1 

PC 

;i/29/57 

+ 

+ 


- 


+ 

+ 

5/ s/57 

+ 

+ 

- 

- 

+ 

+ 

+ 

5/20/57 

+ 

+ 

“ 

- 

- 


+ 

0/24/57 

+ 

+ 

- 

- 


+ 

+ 

7/12/57 


+ 

+* 

- 

+ * 



9/13/57 

+ 

+ 

+* 

- 


+ 

+ 

9/27/57 

+ 

+ 

- 



+ 

+ 

11/ 1/57 

+ 

+ 

“ 

- 

- “ 

+ 

+ 

11/ 8/57 

+ 

+ 

“ 

- 


+ 

+ 

11/15/57 

+ 

+ 

- 

- 

+ 

4- 

+ 

12/ 5/57 

+ 

+ 

- 

- 


+ 

+ 


*Hecoiding electiode on diaphiagin contialateial to ncive stimulated yas noai the mid 

lino 


+ = Action potentials piesent; — = Action potentials absent, R13 — Right diaiihiagm, 
RC — Right Cl us, LD = Reft diapliiagm; RC — Reft cius. 
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DlbLU^-SION 

Tlioso itsults <111' <U ^ <111,11100 Aitli those jiicMoiisli inihlished in tlmt the 
iiiustio iiniss to tlie iisht ol tlio csoplwfriis coniiiionh mnei\<itcd hi both 
pliumc iieues Tins (liffcieiuc \MtIi olisenations oC otlicfs is peihaps not siii- 
piismg, foi tlio difflciiltios ot the plijsiolo<ric methods einploied iionid !ippo<u 
tcnci- tlnin flioso one must onooimlei in tiiieiiipr none filieis donn to tlioii 
tcimnmls in postiiioitom mateiin! Tins finding is pos-sibli all the inoio siii- 
piising heisniso tlie innoi niaigins ol the csopli<ige<il hnitiis <iio iisinilh made up 
on both light and loft b\ iiiiisdc Initids nhidi loiin the light eiiis, lo, ivhich 
inseit to tlie light ot tlic iiiidliiie One might assume, theicioio, that bi<anehcs 
ot file light phi OHIO none noiild <ilso pass to both sides of the esophagus and 
iniicnate flic iiiiiselo adpnent to the esophagus This, hmiciei, must be iin- 
eommoii <is eompaied to the t\pes ot innenation dcsciilicd in this and in the 
anatomic studies To oiii hnontedge, no inst.iinc has been desenbed in nhich 
miiselcs to tlie lift ot tlio esophagus bait bien iniieiiatcd In the light phicnic 
nci V c 

The innenation and sfiiitluic ol the diaiihiagm haie liccn lecenth ic 
viewed hv Botha’ and In Ogawa* to whom the iniciostcd leadci is lofciied It 
nia\ ho obsoned in p<issing, lioueici, tlnit llieic aic eonsidoiahlo sanations in tlio 
position ot the csopliage.d liiatiis <ind in the ongin <ind destination of the muscles 
wlneh sunouiid it .Some of these sanations aie doubtless piedispositions to 
hevniation It is pcihaps difficult to eonecisc th<U, sshcic there is so imicli 
sanabilit.s of sliuctmo, tlicio should be the iiiiiioimits oi innenation piosioiisis 
suggested 

CONCLUSIONS 

1 tiincnation oi the diaphnigiiiatic tuna ssas studied in 11 liep<itoctoim<!ed 
dogs bv letoiding imisclo .iction potentials liom cniia and diapluagms iollois 
ing phienic iieno stimulation 

2 An attioii ])otcnti<il ssas .ilss.ns iteoidcd tioiii the diapliiagm and 
coi 1 tspoiiding (ins sslion the ipsilafeia) pliicnie nene ss<is stimulated 

<! In 4 ot the dogs, the light eius ss.is iiinenattd also bj the left oi toiitia 
latcml iiliiuiic nene Tlieic ssas no instance in sslndi the lett ciiis i\<is ni 
nonated bs the light phi cine none 
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EXPERIMENTAL USE OF NYLON MESH-SUPPORTED 
PERICARDIAL GRAFTS FOR CLOSURE OF FULL¬ 
THICKNESS ESOPHAGEAL DEFECTS 

Thomas C, Moore, M.D., and Gustavo Bounous, M.D., 
Indianapolis, Ind. 


T iiic availa1)i]ity in recent years of an increasing nninber of synllictic ])]astics 
which are well tolci-aled hy llic lintnan Ijorly lias sliinnlafod considerable in- 
loi’csl in Iho snitabilily of tlicsc materials for Ihe suppoi-t and replacernoni of 
certain anatomic slnielurcs. The success of synthetic vascular substitutes in 
arterial replacement and bypass and that of plastic meshes in the repair of 
hernial defects is well known. 


The use of .synthetic materials in c.sophageal .surgery lias been directed 
lai'gely towai'd the use of impervious tubes for the replacement of resected 
.segments of e.sophagus.'’’ ' There has been little interest in the u.sefulne.ss of 
pei'meable plastics in esophageal surgery. The suitability of nylon mesh for the 
I’eplacement of re.sected portions of e.sophageal mu.seiilature and the adecpiacy of 
its tolei'ance in this area has been reported recently by the authors." In addi¬ 
tion, the .senior antho;-'' also has recorded the suece.ssful clinical u.se of a patch of 
nylon mesh foi' the .sui)poi't of a section of mai-kedly weakened esophageal wall, 
following e.xtramucosal I'csection of an obstnicting subcarinal rnedia.stinal 
granuloma. Only a ti.ssue-paper thin mucosal remnant covered the esophageal 
lumen in the area of this re.section. 


While it is ciuite appai-ent that a permeable pla.stie such as nylon me.sh could 
not be used alone foi' the closure of full-thickne.ss esophageal defects, the exjieri- 
ences cited above have led us to investigate the feasibility of combining the use 
of nylon me.sh for support and .some nearby, I’clatively .sti-ong autogenous tissue 
for permanent or temporary water-tiglit closure of the defect. Pericardium was 
selected because of its availability and strength. The .suece.ssful use of nylon 
net-.suppoi-ted tubes of autogenous i)encardium in the experimental replacement 
of resected segments of thoracic aorta was de.scT-ibed by i\dlei'^ in 1955, The 
combined use of nylon mesh and pericardium in esoi)hageaI surgery has not, to 
the authors’ knowledge, been reported. 


Kroni tho Di'imi tniont of Surf,-(‘r}’, Indiana UnIverHity Mfdlcal Center, IndlaniipoIlK, Jnd. 
.Supnortof] in part bv cr.-ints from the NntlonnI Ho.'irt TnHtItute of tbe pcp.irtmpnt of 
Ife.-ilth, ICducatlon and Welfare, U,.S. Public Ilcaltb .Service, tlie .TatrieH Wbltermib Hllcy 
Memorial Afisocl.'itlon, and by a contract between the oaicc of Naval IlcBoarch, U.S. Navy, 
and Indlan.i UnIverHity. 
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MMIHm \M) All 1 HODS 

IlpiItliA moiifriol dogs avcic used An Lfioit u<is iiuidc to limit tlio oial 
lutako ol liquids and solid food foi a slioit ptiiod piioi to opeiatioii Inti a 
\onous Pcntotlial amis emploAcd foi anesthesia Osjgen was admmisteied 
tliiough an cndotiaehcal tube In means ot a mechanical lesiiiratoi The loivoi 
loft plciiial ca\il\ Avas cntoicd lliioiigli an iiitei costal incision The Ioaaoi 
esophagus Aias moliili/ed and secuicd lietAiccn Potts coaietatioii clamps An 
OAa! full tluehiicss defect of stand iid si7e mcasuiing appioMmatoh 2 5 hi 2 
till , AAas iiiatlo IiA icsettiiig a segiiiciit of esophageal Aiall (Pig 1) The Potts 
coaictafion damps aaoic useful not onh in manipulation of the esophagus but 
also in the contiol of bleeding along the niaigins of the defect dunng giaft 
placcinent and in pieitiition of possible contamination of the pleiiial caiitj and 
the aica ot opciation Iia gistiie and itppet esophageal contents 

A flee pctioaidnl giaft AAas ohtanied In lescctmg a poition of the adiueiit 
peiuaidinin and tailoimg it to the appiosimate size ot the defect The giaft 
Alas socnied to the imigins of the defect Aiilh inteiniptcd sntmes of 5 0 aitmal 
silk thiongh the iclatnch thick and tough iiiiicosal laAOi Eight such anchoi 
ing sutuies genotnllA aioio emploAcd A continnons oiieumferontial suture of 
5 0 ai tonal silk then aaos used in an attempt to achieAc a AAatei tight union be 
tAioon tbo peiieaidial giaft and tlio mncosal laAoi at the maigins of the defect 
A piece of fine mesh iiaIoii, of a ttpe ahcadA sboAin to be toleiated Atell in the 
AAall of file esophagus Atas cut to the appiosimato si/e and shape of the defect 
The 11 } Ion mesh fahne (241 P)* contained 270 In 204 thicids pet sqnaie inch 
This suppoitiiig iiAioti mesh Atas seemed to both esophageal mneosa and imiscio 
hiAors at the maigins of the defect aaiHi inteiinptcd sntmes of 6 0 niteiial silk 
The loft tlioiaeotoniA iiuision AAas closed lu laAcis and a cathetci, left m plate 
dm mg the closme AAas aspiiatel and AAithdiaum 

In a fcAA aninnls, the use of the snppoitmg inlon mesh Aias omitted so that 
these animals might sene as contiols In one annual, oiiIa inlon mesh iias used 
to coAei the defect 

The animals Aieie gneii nothing In mouth foi the fust 24 horns aftei opoia 
tioii On occasion intiaAcnoiis fluids aacic such duimg this peiiod Poi the 
iolloAAing 10 (laAs thcA aacic giAiii oiiIa milk In inoiilli A soft meat diet then 
Aias giAon foi out month piioi to the lesiimption of a legiilai diet Intia 
miiseular penicillin, 200,000 units a dai, was gnen foi the fust 5 dais aftci 
operation 

RESULTS 

The 6 contiol animals m aaIucIi a fiee peiicaidial giaft Ai<as eniploied for 
ivatertiglit esophageal defect closme Aiithout snppoitmg inlon mesh all died 
3 ,ind 4 dais folloiimg opeiation In all 6 death iias found to he due to 
peiioiation ot the giaft Aiitli gioss contamination of the left pleiual caiitj The 
one animal in Aihieli onh inJon mesh nas used foi detect closme died of 
empAema 5 daas .iftei opeiation 

•Njlon fabric was obtained from Stcldi Companj Inc 13'’2 Broaduaj Now 'Sork Clt> 
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A nA'loii mesh-supported free pericardial graft Avas used as described for 
closure of a standard full-thickness esophageal defect in 24 consecutive animals. 
Satisfactoiy defect closure with survAal of the animal and no postmortem evi¬ 
dence of empyema was achieved in 21 of the 24. Three dogs died in 3, 5, and 6 
days following operation, with empyema and evidence of disruption of the graft 
closure. 



r^ig-. 1.—Photographs at the time of operation showing the standard fulMWckness eso- 
phageal defect employed (A) before and (B) after closure with a free pericardial grr 
forcement of the free pericardial g^raft with fine mesh nylon is pictured in c-. 
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The ItUc ol the iice pciiefticlia! giaft and the suppoitmg mlon mesh in sm 
iiMiig nnimnls ivas ot mtoicst The late ol these in.ifenals gate some insight 
into tlie jiatttin ol osoiiliagcal deJeet healing Animals itcio csamined at 
autopsi at laiiing peiiotls of time lolloMing opeiation in oidoi to eialuate the 
integiitj of the defect closiiic awl to studj the pattern ot delect healing (Table 
1) The delect elosuie ot peinaidinm and siippoifing inlon lemamed lolatiicli 
intact until about 14 da\s attei opcialion At this point, the peiicaidial giatt 
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700 
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i Umurc 

G5S 

9 

Grift iiitiiet with in Ion in pliec, no doftet (ontrTCtur 
no 1<* ik 

Co7 

10 

Graft int ict with n>lon m place, no difict contracture 
‘iitnfmton cloaiin 

GG2 
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Graft intact iMth in Ion m pliec, no Kak or difcct con 
fracture 

708 
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Cfraft intact, no contncturi, n>lon tn place 
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10 
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JJct(<t coiitricturc, in Ion halloomiifr into lumen, suture 
Iicc<Mimig free in one irei 
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52 

11< fc41 confricture, n^lon hillooning into lumen and he 
coming detached 

css 

55 

ilefitt (ontrictun , inlon ballooning into lumen 

Gsq 

GO 

Dcfdt contiaiture, n}Ion ballooning into lumen 

G77 

Oi 

N^Ion gone, some thinning of e>.opi ageal wall in area 
ol eontTictnl defect, difut elo‘»cd In ingrowth of 
hbrous luiinectnc ti'«sut 

002 

08 

Nilon gom , deGct lontractcd and clo'^ed In ingrowth 
of adjacent eoiimctne tissiu 

666 

70 

Pofect contracture, inloii Inllooning into lumen 

660 

77 

Pefect contiacturc nylon ballooning into lumen and 
])artiall\ clctuhcd 

G67 

89 

Njlon gone, fcomo grinuliition tissue projecting slightlj 
into lumen m area of contracted defect 

056 

H7 

ICjIon gone, defect contraeted and closed bj ingrowth of 
adjaient connective tissue 

0^8 

101 

N^lon gone, defect contiacted and closed by ingrowth 
of adjacent eonnectne tissue, some thinning of 

1 soph igeal wall lU area of contracted defect 


tended to disappcai, appaionth sloughed into the lumen of the esophagus, and 
piogiessnc defect eontiactuie iiitli ballooning of the n>lon mesh patch into the 
lumen of the esophagus geneialli continued fiom 2 iieoKs to 2 months (Fig 2) 
In 5 ot the 7 aiiiiiials esammeel iiioic than CO elais aftei opeiation, the iieloii 
mesh lias no longei piesont and iias piesumed to haie been discliaiged into the 
esophageal liimon It iias gone in alt ot 3 aiiiniats examined moie than 80 dais 
attci opeiation Although some fhinmng of the nail of the esophagus ivas noted 
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Fig 2—Pliotograph sho\Mng the appearance of the esophageal defect closure aiea 
rioiti the Junien of die esophagus m S animals, on postmortem examination at \ar\ing 
periods following operation In some, the njlon mesh has become partially detached or is 
ballooning into die lumen; in others it has disappeared Slore detailed infoimation on the 
specimens pictured niaj be obtained fioni Table I 









Fig 3—Pliotographs of the area of esophageal defect closuie in Dog G3S o\er 5 months 
after operation The healed area of defect closure max be seen in 1 The thinning of the 
esophageal wall m the area of defect closure is demonstrated bx transillumination in B 





\ol IS Nti I CLOSOKE or rULL TriTCKNTSS ESOPIIAGEVL DErECTS ]]3 

Jills I'lS'i 

lu the aie.i o£ defect elosiuo aftei disappeaiaiiee of tlie njlon (FJg 3), no gioss 
(jidence of Jieiiiiatioii oi sigiiifie.iiit neakncss of tlio osoph.igeal "all m these 
•litas "as eiieouiiteictl rinthciiiioic, no oonti.ictme of the lumen of the 
tsopliagns .it the level of tin detect closme "as found 

OlSOUSSIO’S 

The iiiadequacj ot nnsuppoitcd fice pciieaidium foi the olosuie of full- 
thicKneSb oso]ihagoal defects of the standaid sis’c used m this studv "as con 
clusueh demonsti.itod hv the death of all C animals of graft disinption in this 
eontiol gioup, fiom 3 to 4 davs aftei opciation On the othei hand, the suniv.sl 
of 21 of 24 dogs "ith suoecsslnl delect closme "hen nvlon mesh "as added to 
suppoit the flee pcntaidinl giaft was icgaided .is significant evidence of the 
impoitimt lole plavtd hv the suppoiting iivlon in achievnng successful defect 
elosnie 

AVhen this stndv was liegnn, it was hoped that the fice pciieaidial giaft 
would sunIVe and lemain intact in the aica of defect closme and that the nvlon 
mesh would he incoipouitod into the newlv fmmed c‘ophageal vvall thiough the 
ingiowth into its mtoistices of fihiohhists and blood vessels from suuoimding 
connective tissue Tins did not piovo to be the case The fiec giaft of peii- 
eaidinm appealed to sene moielv as a tcmpoiaiv seal until a permanent seal 
could develop fiom suiioundiiig connective tissue The pencaidial giaft 
geneiallv disappeaiod lu the eailv days aftei opciation Permanent defect 
elosiuo was pioduced hj a combination of defect contractme and healing in the 
•viea ol peimaiient defect seal fiom siiuouiiding connective tissue The defect 
coiitiaetuio caused a piogiessivc ballooiniig of nvlon mesh patch into the lumen 
of the esophagus The iij Ion patch gcuciallv became detached fiom the m,T.igins 
of the couti acted defect and disappcaicd approximately 2 months following 
opciation 

Adlei' in Ifl’ifi icpoited tlic icsnlts of cxpeumental studies in which free 
giafls of iieiicaidium vveie used foi tlie siippoit of puiposelj faults end to end 
esophageal anastomoses The pciieaidial graft was seemed to the esophagus 
Ill the aica to he piotceted with a tliiomhm fihiinogen coaguliim He found 
that the fieo pciieaidial gi.ift seemed ni this niannei piotectcd the faultv 
anastomoses in 5 of 30 dogs Oiilv 2 of 10 dogs with unpiotected faultv 
anastomoses sm v iv ed and one ot these dogs dev eloped a localized abscess 

The gieatei success ot nvlon mesh siippoited poiicaidial giafts, ns cxpeii 
enoed in this studv, would appeal to suggest that this method of closme of 
esophageal defects of limited size and of remfoieomeiit foi questionable esophag¬ 
eal anastomoses is woithj' of a clinical tiial 

SUMMABV 

The expeiimental use of nvlon mesh suppoited fiee peiieardial grafts foi 
the closme of lelativelv laige iull flnckncss esophageal defects of standaid si/e 
is lepm-tod The opeiation was earned out as deseiihcd in 24 dogs Twentv 
one of the animals suivived with successful defect closme Alt of C dogs in 
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which only a free pericardial graft was used to cover the defect died of graft 
disruption and gross pleural contamination 3 and 4 daj^s after operation. The 
pattern of defect healing is descriljed and possible clinical application of these 
observations is discussed. 
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FOREIGN BODY BRONCHOESOPHAGEAL FISTULA^ 

II V Stiwiiell, Aldjoi, USAF(AiC),** Thomas Hokomb, Aiajot, 
USAr(AiC),*** and Daniel C Campbell, Lieutenant Colonel, 

USAF(AIC),** Lackland An Pone Base, Texas 

B HONCiior&opnVGl it. fistulas due to esophageal foieign bodies aie seldom le 
poitcd A reucM of flic medieal lileiatuic tliiougli 1957 juelded only 16 
cases, 11 of uhich iveio concciitiatcd iii the doctoiatc thesis of Cnot published 
m 1S9S at Ljons, Fiance Coleman and Buneli* in a eollectiie icmciv of the 
litciafiuo tliiougli 1950 added 4 cases, one, honciei, due to tiaelioal ratlici than 
esophageal foreign bodv In 1957, 2 additional eases ueie leported bj Pout 
aniie and liis associates'' and Lemaiici,' both oceiiiiing in musing infants 

Tipieallv, the simptoms aie the same as foi congenital tiaelieocsopliageal 
fistulas, iiitli the addition of a liiston of esophageal foicign bodv ingestion 
The classic symptom is soioio cough folloiiing the siiallouing of liquid oi oc 
casionalh of solid food This cough can sometimes be coiitiollod bj positioning 
the patient iiliile sualloiiiiig The .ippearance of lalos in one oi both lung fields 
following the ingestion of liquids (sign of Ono) is dcseiibod as pathognomonic 
of tiaelieocsopliageal (oiiimunicatioii Pcreistcnt .ihdomiiial distention is com 
moil due to the continuous passage of an fiom the fracheolnonehial tioe into 
tho esophagus Fiequontlj atelectasis and pneumonia occui if the fistula has 
been picsent foi anv length of time 

Unfoitunatoh, as dcmonstiated in oui ease, am of the simptoms, except 
the pulmonaiy complications, iiiaj be absent oi so iiiiiiinial that thei aie com 
pletelx oicislndowed by tho pulmoiiaii findings This is p.aiticiil.ail} tiiie 
when tho foieign body is nonopaqne and no hi&toii of ingestion obtained 

CASr arpoRi 

J B No 294779, i 2 a ear old nliiti female, had heen folloucd in tlie Pediatric Clinic 
for approMmatel^ ono year for asthma *ind recurrent respiratorj infections Acutely ill, with 
left lower lobe ‘‘pneumonia” and a left pleural effusion, she was admitted to the Pediatric 
Service on June J5, 1958 Tlioraccntesis jieldtd a ‘serosangmneous fluid Culture and cell 

Received for publication Dec 15 1958 

‘This paper represent** the peisonal \lenpoint of the autJior and Js not to be construed 
as a statement of ofllcial Air I-orce pollcj 

••From Department of Surg’erj US \P Hospital I^ackland APB Texas Don S aVenper 
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l)locks A\prc negative. Bcpeatcd x-ray studie.s revealed left lower lobe atelectasi.s, and bron- 
eho.seopy was performed. Tiio left main-.sfcni bronelius and flic lower loiie broncIiu.‘> were edem¬ 
atous, and injected. Serosanguineou.s fluid was a.spirated from the bronchus, and a beta 
hemolytic streptococcus was cultured. The effusion and pneumonia cleared rapidly on treat¬ 
ment with penicillin. The left lower lobe atelectasis ponsi.sfed, but finally improved on posi¬ 
tive pressure breathing w'ith Alevaire and Isuprel. The patient was discharged after 28 day.s. 
Intermittent positive pressure therapy was continued on an outpatient basis. The patient was 
asymptomatic on this regimen for one month. Luring a loutine weekly check in the Pediatric 
Clinic, the patient was found to have a recurrence of the complete atelectasis of the left 
lung. Siie was immediately readmitted on Aug. 22, 1958. 



Fig-. 1. Fie- 2. 

Fig. 1.—Che.st loentgcnogram at time of flnst admission showing left pleural effusion. 

Fig 2 —Chest roentgenogram at time of discharge from first admission showdng com¬ 
pletely clear left chest. 

The xnitient was not clinically ill. TIic positive xihysical .signs were limited to tlic chest 
and revealed a respiratory lag on the left with diminished breatli sounds. Complete blood 
count and urinalysis were within normal limits. Stool examinations revealed normal tiyjisin 
digestion. 

Tlie patient underwent bronclio.scopy immediately after admission. The evamination 
was unsatisfactory due to mcclianical difficulties. She was placed in moist o.xygen with Isuprel 
and Alevaire. On the following day, .\-iay studies revealed almost complete clearing of the 
atelectasis. Twelve days later chest roentgenograms again revealed complete left lower lobe 
collap'.o and bionchoscopy was again performed. Consideiable secretions were aspiiatcd from 
tho main-stem bronchus. The upper lobe orifice was patent. .Just below the ujipcr lobe take¬ 
off, the bronchus was obstiucted by a reddish fiiable mass which was removed by biopsy 
forceps. The low'cr lobe bronchus was then aspirated and noted to e.vchangc air adequately. 
Prophylactic tracheotomy was performed. The pathologic report of the biopsy specimen was 
granulation tissue consistent with foreign body reaction. The patient’s clinical condition 
began to deteriorate. Gradually she became more apathetic and depressed. The temperature 
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roso (Kil^ to 102° r ftiul poniciliiTi tlicrapj vns Mupplcmcnted Cliloromjcctm nul cntli 
rom}Gin Scrml client ro« ntgtnojrrims r(\i'ilcd Aining dojrrccs of lerition of the loft 
loner lobo despite the «?cptie eour«50 

Oil Sept 24, lO'iS (20 di%s nft<r |)roiicho‘!< opj), a h ft loner lobo lobcctomi ms per 
formed A nonop iqut forcicn l)od\ of the bromhiH nas considered the moRt likely ctiologic 
ngtiit nnd in Men of \rii cMdencO of posmlilt ibstess formation and progressiic detcriora 
tion of tho patient despite nnssue antibiotics, operation uas advised 

Tho operation nas earned out under Inpotlurmia with reduction of bodi temperature 
to 01)° B At operation, the loft loner lobe n is completeh consolidated and m issi\c iiiflam 
matorv udcnopatlij nas present m the hiluni On seefionnig the bronehiis, a (opious imount 
of thiek purulent secretion nas ispiritcd from both the niuiistdii nnd upper lobe bronchi 
Tlio upper lobo o\puided ncll after tins The patient nithstcod tlu operation aiin/ingh 
i\cll Tho specimen grossh had a peculiar polvpoid ippcaranec and a tentatne frozen sec 
tion diagnosis of pipillomata of tho bromhus nns nivdc 
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1 11 , 3 —Cliest roentpcnoKrani on second admission shon Ine total atelectasis of left lunir 
Hr a—CU cbt To^ntsenoKraTn e Tcs\\\na\ lell \ower lobe 

atUcctisis and lossible abscess 


lljpotlieiniu ms miintaiued for J4 liours postoperatnely and then discontinued Tlu 
patient did nell until noon of the second postoperatuc da^ nhen she o\hibited severe re 
spiratorv distress and a tempcrituri of 304° P Abdomin il distention \\as first noted at this 
time Intritrailieal uid gastric suction wore implovid with some relief of svinptoms The 
pitient viquarcd to Ik improving when si ( suildml^ liManie cvaiiotu, gasped for lin ith, 
and dud 

Tho ptrtimnt lutofsi findings wen limitul to the ihist The right lung v\ is e\p inded, 
rrcpitant, and normal Die lilt plcurul spice contained i miimnil imount of fluid The 
loft upper lobe was expanded, but indurated The entire thoracic contents wore removed 
eu bloc llio esophagus w vs opened longitudinillj, vud vu the middle one third there was 
u 2 bv 2 cm plastic foreign bod^ wedged icross the lumen The edges were sharp and 
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iiregulai. One tonici of tlio foieigii body extended thiough ii f,lit like fistula, O.o tin. in lengtli, 
mIiicU communicated iMtli tlie left mam stem bronchus at the Je\cl of the upper lobe orifice, 
file fistulous tract was fibious and epithelized. The lobectomy stump was well sealed. The 
leniaindei of the autops}’’ was within normal limits 

Following autopsy, a careful search of old outpatient records, and detailed questioning 
of the parent.s, revealed that the patient had swallowed a plastic covcicd button from liei 
mother’s nurse uniform in April, 1957 (18 months prior to suigeiy). She regurgitated the 
button 5 dajs after ingestion and was apparentl 3 ’- noimal. No other histoiy of foieign body 
ingestion could bo obtained 



Fig’ 5—Autopsv specimen viewed posteriorly showing foreign bod> in esophagus A metal 
piobe has been inserted through the fistula 


DISCUSSION 

This case illustrates the vague or practically nonexi.stent symptomatology 
that may be presented by a bronchoesophageal fistula secondary to a retained 
esophageal foreign body. The only svTnptoms noted during the 18-month period 
were two transient episodes of wheezing ascribed to asthma. Nev'er was there 
K-ray ev'idcnce to suggest the presence of a foreign body. However, in retro¬ 
spect, the entire clinical course becomes logical One can only suppose that 
the plastic covering of the button became wedged in the esophagus in April, 
1957, and that the patient regurgitated only the metal frame 5 days later, a fact 
not noted by the parents. Six months later a diagnosis of asthma was made 
because of wheezing. 
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It IS easy, in ictiospeet, to visualize the iiiitatue piocoss that piodueed 
the nhee/cs Poi a period of oiei a jcai, episodes of lespiiatorj infection in- 
ciea-scd m inimliei, folloned finally by pncumoiiia and atelectasis as the listiila 
increased in size The most confusing part of the pictuie i\as the absence of 
stiangulation siiiiptoiiis on liquid ingestion We feel that this iias due to the 
impaction of the foreign bodi in the fistula which pieiented the dumping of 
swallowed fluids into the tiaehcobionehial tice 

One wondeis how the diagnosis could ha\c been made antemoitem The 
oeciiiience of "asthma” in a joung child piciiousb fieo of alleigic symptoms 
certainl}' should suggest the possibihtj' of foieign body ingestion Cntical 
iciiew of the case has failed to leical an}' sjmptoms which would liaie indi 
cated the diagnosis At the time of lobcctomi, the fistula was aboie the le\el 
of bionchial amputation and not Msualized At bronchoscopies, it was ohsciued 
hv edema, gianiilation tissue, and hi the fact that the foieign bodj did not 
actualh piotiude into tlic bionchus The oiih means, other than esophagoseop 3 , 
bv which diagnosis could possibh haic been made would haie been by means 
of a Lipiodol swallow 

SUJI5I IRl 

A case of bionehocsophagcal fistula due to ingestion of foieign bodi is 
lopoited with a loiiow of 10 cases fiom woild litcinture roieign bodj iiiges 
tion must ho coiisideied when signs of asthma appeal in a pieiioush alleigi 
flee patient Il\amiiiation of the esophagus should he eonsideied in cases of 
unexplained leeuiiciit pneumonia cSiid atelectasis 
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AN ELECTRICALLY CONDUCTIVE CARDIAC SUTURE 

Edward A. Fitch, M.D.,^ and Charles P. Bailey, AID.,** 

Philadelphia, Pa. 

T he necessity foi> applying an artificial stimnlns to the heart to evoke effec¬ 
tive ventrienlar contractions arises oceasiojially. Tliis problem is of increas¬ 
ing freqiiency of occurrence, in part due to the development of “open-heart” sur¬ 
gery with its incidence of surgical interruption of the conduction system. 
Usually these incidences occur at critical times, and tlie patient’s survival 
depends on the efficacy of tlie artificially stimulated eonti’actions. 

This resume is confined to the discussion of those syndromes in which ven¬ 
tricular myoeai'dial contractility is adequate and the primary defect is the ab¬ 
sence of a stimulus of sufficient frequency and or/intensity. 

An intermittent electrical imijulse is the most reliable type of artificial 
stimulus. Several “paeemakei's” are commercially available. The electrodes 
can be applied externally at two points on the chest wall and the stimulus in¬ 
creased in intensity until a perceptible pulse, synchronous with the pacemaker 
rhythm, indicates that the ventiicles are responding. 

Electrodes can be applied internally via a thoracotomy incision, and the 
response fiuther evaluated by direct vision. 

There are several difficulties. The external electrodes cause spasmodic 
contractions of all skeletal muscle within their field, as well as myocardial 
tissiie. The resultant artificial clonic local convulsion soon becomes intolerable 
to the conscious patient, and severely handicaps the observation and examination 
of the critical patient. 

TTlien peripheral vascular hnio- or hn^ertonia rendei-s pulses imper¬ 
ceptible. the effectiveness of the electrical stimulus is open to question. With 
a thready pulse and jerking chest musculature, one is never sure (in the closed 
chest) at what point an increasing intensity is sufficient to stimulate the myo¬ 
cardium. 

It is suggested that in medical heart block the contractions be re-established 
by use of a pacemaker and external electrodes. If tentative cessation of the 
stimulation results in immediate failure of the circulation, the chest should 
be opened. 

Received for publication X'ov. 3, 1958. 
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LLECTlUCAIvIvY CONDUCTIVE CAKDIAC SUTUKE 
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Fjj, 1—The elcclrlcall) conductive suture !<; commercially available In sterile packets Silver 
wire Is braided around a silk core Potjvln}! tubular Insulation allows autoclaving* 


CHE5T wTAtL 
EtECTROPC 



IIS’ 2 — U-^e of tlie eJeotrodf> uirt siiturpil Jnto the miocaid/uni with ^ non'^peclflc external 

electrode 
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An opened cliest facilitates evaluation of the heartbeat by direct vision. 
However, it is axiomatic tliat the sooner tlie wound is closed, the better. Closure 
of the incision while the external electrodes are in operation is clumsy and 
difficult. 

Many of the above problems have been solved by the application of a wire 
electrode directly into the m^meardium. Sucli an apparatus is now com¬ 
mercially available.*' A silver Avire is doubly armed A\dth swaged needles, one 
curved and one straight. The entire Avire is insulated with a polyvinyl sheath, 
except for the 4 inches adjacent to the curved needle The surrounding in¬ 
sulation is swaged into the straight needle. The suture is supplied in stexdle 
packets ready for use. 

A single stitch is taken into the ventricular myocardium. The curA’^ed 
needle and the bare Avire are pulled through until the polyAdnyl insulation 
encounters the muscle. The needle is then cut off leaving a 1 to 2 cm. length 
of wire protruding. This can be secured to the myocardium Avith a 5-0 silk 
stitch. 

A spot on the chest Avail is then chosen for the penetration of the straight 
needle. This should be aAvay from the incisional edges so it aauII not be dis¬ 
lodged during AAmund closure. It should be in such a location that the suture, 
AAdien AvithdraAAm from the chest, will pull out of the heart in the long axis of 
the AAure, and not lacerate the m3'oeardium by sawing action as in a right angle 
puU-out. The straight needle is attehed directl.v to the pacemaker attachment. 
Adaptei-s are commercially available* to join all standard pacemakers Avith the 
conductive straight needle. The second (nonspecific) elctrode is applied ex- 
tei-nally to the light of the sternum or, as an alternative, tAAm internal suture 
electrodes can be utilized. 

With such a setup, one can be confident that an effective stimulus is being 
applied to the myocardium. This assurance should eliminate one variable 
from the multifaceted problem of sustaining the critically ill patient Avith heart 
block. 


*Ohio ChemicaJ Co., Madison. AVis. 



THREE USEFUL CLAMPS FOR CARDIOVASCULAR SURGERY 
S Abtabam Cuadtos, M D , Lima, Pei// 

I r IS ci/Fvii that caidioiaseulai suigcii has piogiesscd at an eier aeeeleiatnig 
lato 111 the last ±c« jeais, pioiiding m a shoit time the ansiieis to a large 
numboi of pioblems ivhieli foi a long tune leraained insoluble To keep pace 
with e\panding hoiizons, eontinned ad^ances in smgeiy, and nei\ and pel 
leeted techniques, it is necessaii to use new and bettei instruments 

One cannot fail to lecogiiize that one of the most ingenious and useful 
instiumeiits in this field of suigen is the Potts Smith clamp, wuth its adiantages 
ot sateti foi partial oce usioii of the lesscl lumen It has, liowciei, the dis 
advantage that it cannot ahvavs be applied as desned, foi instance when full 
mobilization of a vessel is difficult, oi when theie aie important blanches at 
the e\act site of the clamping which cannot be divided, and also when it is 
iieoessarj to applj it lapidlv in situations of emcigenc} For these leasons, 
Blalock intioduoed an impioved modification, jot even this has not pioved iullj 
satisfactoi'j 



1—This figure shows the first clamp and one use of this clamp in an atypical patient due 
tu*! arteriosus which Is just below the cnroticl arterj 

To combat the difficulties just mentioned, two clamps have been devised 
Tlic iiist clamp (Pig 1) has two metal aies on each limb When the clamp is 
closed these foim a cncle winch embiaccs the vessel to be occluded With tins, 
one avoids all the disadvantages ot the Potts Smith clamp The drawing in 
Pig 1 illustrates the clamp in use 

The clamp seen in Pig 2 has two small iings on each limb This allows 
a ligatiiie to he passed aiound the vessel and fixes it safely, giving the clamp 

rTom the KaioHnska In<?titute Stockholm Sweden 

Recel\ed for publfcTtion April 15 1959 
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an extremely simple and effective character, as can be seen in the drawing in 
Fig. 2. 

One of the difficulties often encountered in the clamping of the aorta in its 
approach is the slipping of the end of the clamp, due to aortic arterial pres¬ 
sure and, in certain circumstances, this eaii become a sei-ious problem. Having 



Fig-. 2.—This figure shows the second clamp and one use of this clamp in a Potts operation 
without cutting the branches of the descending aorta. 



Pig-. 3 —This figure sho«s the third clamp and its use m aortic vahulotomj under direct 

vision (hypothermia) 

noticed that this slipping is due to Aveakness of the clamp at its free extremity, 
it has been found possible to overcome this difficultj' with a hinged seretv tvhich, 
wlien screwed up, effectively prevents the clamp from slipping at its free end. 
A third clamp, incorporating this hinged scretv, can be seen in Fig. 3. The 
clamp in use is illustrated in the draAting in Fig. 3. 

I wish to thank Prof. A. L. cPAbreu from the Queen Elizabeth Hospital (TJniversitv 
of Birmingham, England) in ivhose Laboratorj- of Experimental Surgery these instruments 
y ere devised. 
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ANNUAL MEETING NOTES 


'Iho lluih ninth Annmil Meeting of ilio Amentan A** OLiutiori for IJioracic Sui 
jjen win held m Los Anpelcs, OaJiloniia Apnl Jl, 22 and 25 1050 Tlicie were SOI 
pluMcians nlio rtpistcrod tor tho scientific ‘*essioiis In addition there weio 87 wnes 
prc'Cnt 

Iho American A'''>iciation for Ihoracic Surtren has been grintel three scits loi 
uprc‘?entati\os on tho Board of Croxeniors of the American Collepre ot Suipcons Iheso 
representatu cs were announced ns Drs tFCOipe H irumphie\II, Ldw ard AT Kent, 
and Paul 0 Simson sercinp a one, two and thieo ^eal term respective!) Bach jear 
tho rocurrinp vucanci viill bo fillcl bv an Active or benior member of tho A ATS who 
will then serve a rcgul ir throe vear term 


iho following changes in the B) laws were approved bv tho Council ind passed 
bv tho membership in Executive Session, having been onginall) proposed bv J>r Hicluird 
H Slcado 

Article Y, Section 1, of tho B) laws should bo changed to read as follows 
Tlie Isominating Comnutteo shall consist of three Active or Senioi mem 
beris who are, liv preference, also past Presidents of the Association and in 
attendance at the meeting Thev shall be elected in accordance with the 
piovisions of Article Section I, of the Constitution Tho Council shall in 

stnict the Committee as to the vacancies which are to be filled b) election 


The following changes in niembcrship status were appioved bv Council and passed 
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John B. Blalock, New Orleans, La. 

AVilliam E. Bloomer, New Haven, Conn. 
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Josepli .t. Timnies, St. AII>an.s, N. Y. 
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HUGH MORRISTON DAVIES 

Born August 10,1879 
An Eightieth Birthday Tribute 

Hugh Retd, M D , R RC S , and G Pemhyn Jones, AI A , M D , /V RC P , 
Denbigh, Noith Wales 

T he doien ot thoiaeic suigeons in Biitnin, IIukIi jMoiiistoii Davies, t\as bom 
at Huntingdon, Caiulnidgeshue, eight% ^cars ago, Ins fathei then being in 
medical piactice in the town This bnet eoinmiiiiication is intended foi a 
tiibiite to him as an innoiator and pioncci in the field of tlioiacic suigerj and 
ioi adiieiing Ins pioiessioiial cminentc despite ba?aids that Mould liaie been 
the despaii ot Icssei iiilii In tin setUision ot tin, quiet 'Welsh Milage of 
Ijlanaimon vn lal, be can noM suivcj the seal's ot bis laboi's sMtb seienitj and 
a Molteaiiied content He is among tin, last ot a piivileged goneiation in 
Biitisb meditnie, a sebet gcneiation, Mliitli, ittogiiiznig m the caily jeais of 
this eenturj the incvitabilitj ol sptciali/atioii, innsiied its path iiitli that cagei 
devotion clniactenstic of pionecis 

He leeeived bis eaily education at Winclicstci Uollcge, pioceedmg to 
Tiinitj College, Cambridge, and to Univcisitv College Hospital, London In 
that golden oia of medicine be bad ilhistnous teacbeis, piominent among them 
Sn Victoi IIoKlej, the ncurosiiigeon who latci died in Jfcsopotamia in AVoild 
War I Moiiistoii Davies’s associations with IJiiivcmitj College Hospital con 
tinned following giaduatioii, be became Hoislcv’s suigical assistant and, in 
1907, be published ,i notable papei on the sensoiy changes in the face following 

Prom the L.lanfr'\>fan Ho'spUal DcnbiRli Psortli 
necci\el foi publication April JS 19^9 
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Horsley’s gassei’ian ganglion operation for trigeminal neuralgia. For this he 
was awarded the Cambridge M.D., having already’’ become a Master of Surgery 
in his old university, as well as a Fellow of the Royal College of Surgeons. He 
and Wilfred Trotter now began to study the effeets of nerve section on them¬ 
selves, cutting the great auricular, the internal saphenous, and various cutaneous 
nerves of the ann. Trotter, then a young surgeon on the staff of University 
College Hospital, later became renowned not only for his surgical prowess but 
also for his trenchant contributions to philosophical and psychological studies. 

At the age of 29, Morriston Davies Avas appointed to the surgical staff of 
the University College Hospital, and he then decided to devote particular at¬ 
tention to the diseases of the chest. He managed to obtain a research room in 
the basement of the medical school and was soon engaged on a study of pul¬ 
monary disease, using the ncAV methods and technirpies of radiology. In the 
very next room, Thomas LcAvis Avas pioneering in electrocardiography. It Avas 
a period of great technological advance in medicine, and Morriston Davies Avas 
in the vanguard of the ncAv clinical science. Hardly anyone in Britain had 
appreciated the potential value of x-i-aj^ in tlie diagnosis of chest disease; in¬ 
deed many Avere sceptical and suspicious of these technical changes in the prac¬ 
tice of medicine. Some of his eminent colleagues Avere even derisive of his 
tentative excursions into chest radiography. Resolute in his endeavors, Iioaa'^- 
ever, he did not alloAV obscurantist opinions -to modify his purpose. An incident 
in 1912 did much to vindicate his sanguine confidence. In that year, a male 
patient suffering from bronchitis Avas sent to his department—as a test case for 
him and his new apparatus. Morriston Davies found a shadoAv, Avhich he diag¬ 
nosed as a tiAmor of the lung. Some of his colleagues Avonld not accept this 
diagnosis, and it Avas Avith consternation that they learnt of Morriston Davies’s 
intention to remove the tumor. Nevertheless the operation Avas completed—the 
first dissection lobectomy in the Avorld for carcinoma of the lung. Soon after¬ 
ward he performed a Wilms’ thoracoplasty for tuberculosis and, the folloAving 
yeai’, the Sauerbrueh paravertebral thoracoplasty, both ncAV operations in 
Britain. 

Morriston Davies Avas already Avell acquainted Avith the progress made by 
the Germans in the noAV rapidly expanding field of thoracic surgery. At a 
meeting of the Deutsche Geselschaft fiir Chirurgie in Berlin in 1910, he had 
seen the methods used by the German pioneers for rib mobilization, together 
Avith the various devices employed by them in open operations on the chest. 
He then devised his oaaoi “Uberdruck” apparatus—generallj^ knoAvn to his as¬ 
sociates as “H.M.D. ’s fire-engine.” He invented a .special tenotome for adhesion 
section, Avhich he used under radiographic control—there Avere no thoracoscopes 
then; he pioneered in Britain the several methods of extrapleural pneumolysis. 

This AAUs an inspired and prolific peiaod in Morriston Davies’s life, and in 
those spacious and confident years before the outbreak of World War I, there 
Avere ample rcAA^rds for men of ambition and endeavor. Noav an acknoAAdedged 
leader in his particular province of surgery, his future success Avas assured; 
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Iio was still in his thirties. One night, however, in the second winter of the war, 
he experienced a personal disaster that was to change the course of his life, a 
tragedy that was as dramatic as it was catastrophic. 

That night, in January, 1916, he was called to see a patient in the Victoria 
Park Hospital in London whom he found to he suffering from an emp.yema; 
immediate rib resection and drainage were required. As he was closing the 
chest he was handed a length of catgut which accidental^' contained a sliver 
of glass; the glass pierced the skin of his right hand. The following morning 
the hand began to swell and became increasingly painful. It was now evident 
to him that the sepsis he had been treating the previous night had entered and 
infected his right hand. Suppuration supervened, and the advice of eminent 
colleagues was sought—physicians and surgeons. Sir Thomas Barlow pro¬ 
nounced his considered opinion; Sir Rickman Godlee urged him to have the 
arm amputated. Eventually it was left to Wilfred Trotter to incise the hand 
and forearm. Although the infection now subsided, the damage had been 
done. The hand was contracted, the fingere were rigidly fle.ved, distorted, 
useless. 

Morriston Davies then made the hard hut inevitable decision that his surgi¬ 
cal career was at an end; it was a bitter decision, but it was firmly made. He, 
thereupon, resigned from Univereity College Hospital, turning from the main 
stream of surgical practice to the quiet backwaters of the profession of medi¬ 
cine. The humdrum activities of medical boards then occupied his time for a 
while, but they had h'ttie to oli'er to a man of his adroit ability. As a doctor 
in a sanatoriiun on the outskirts of London he found his work to be a little 
more congenial, but it was still irksome and wanting in stimulus and inspira¬ 
tion to an eager and inquiring mind. He rejected advice to turn radiologist. 
His only desire was to leave London and find some suitable work in the peace 
of the countryside. 

Just after the AVar, he learnt that a countiy sanatorium iq North AVales 
was for sale and, in spite of doubts e.xi)ressed b.y his friends, Trotter among 
them, he resolved to bin- the property. This was the Vale of Clwj-d Sanatorium 
near Ruthin, to which he moved in 1918. He had now found a new purpose 
and direction. The following year his book on thoracic surgerj- was published, 
and soon a steady stream of publications, mainly on the surgical management 
of pulmonary tuberculosis, issued from his pen. About 1921, he embarked again 
on major surgery, using a new left-handed technique; the fundamental flair 
was imehanged. Under his direction the A^alc of Clwyd Sanatorium became a 
thoracic center of some import, attracting surgeons to it front all over the 
world. Jlorriston Davies was now consultant thoracic surgeon to all the AVelsh 
chest hospitals, and later to similar hospitals in Cheshire and Lancashire. In 
1933 he published his standard work on pulmonary tuberculosis; in 1935 he 
addressed the American Society of Thoracic Surgeons in New York. 

By the middle of the 1930's he was an extremely busy man, applying him¬ 
self to his professional duties with a quite remarkable vigor. Ilis assistants 
wore eonstantl.v amazed at the energy he possessed, an energy dedicated to the 
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service of thoracic surgery. He would be ready, to the consternation of some 
and the admiration of others, to embark on clinical discussion at late hours of 
the night, after an already hard day of operating and travelling. He seemed 
to be indefatigable and, in his somewhat elfin appearance, there persists to this 
day some little intimation of immortality! 

He had set his sights high, and he Avas intolerant of the slipshod and lazy; 
to the careless he was a hard master. He knew well enough that his own ex¬ 
ample Avas the standard, and the success of his endeavors rested on imremitting 
vigilance. He organized co-operation and teaniAvork, sometimes by force of Avill, 
often by force of character. 

At the outbreak of World War II, he concerned himself Avith special ar¬ 
rangements for militaiy and civilian chest casualties. In 1942 he AAms re¬ 
sponsible in part for the publication, IVar Injuries of the Chest. The Liverpool 
and North-West Chest Unit flourished under his guidance as chief thoracic 
siAi’geon; he Avas also consultant thoracic surgeon to the NaAy and Eoyal Air 
Force. In appreciation of his services to the city of LiA’^ei’iiool, tlie university 
there honored him Avith the degree of blaster of Surgeiy. In 1954, the Eoyal 
College of Physicians aAvarded him the Webei'-Parkes Prize AAuth the citation 
‘•for the prevention and care of tuberculosis.” 

]\Iorriston DaAdes is now, by chronological standards, an old man, but his 
vivacity and robust agility belie it. Logical in thought, Avise in counsel, he 
still contributes readily to surgical debate; but, as he himself puts it, he noAV 
operates through the more nimble hands of another generation. He is spare 
and someAvhat stooping in build, with a suggestion of defiance and even of 
pugnacity about his bearing. Age has Avearied neither his resolution nor his 
ranging curiosity, and that indomitable spirit that once enabled him to triumph 
splendidly in adversity is fully manifest today. This man Avalked through a 
valley of shadoAvs that feAV experience in tliis life, but anguish gave liim ncAV 
impetus and tribulation a neAv purpose. It is for that, and for his manifold 
contributions to the art and science of tlioracic surgery, that aa’^c, in admiration, 
do him honor. 



PRESIDENTIAL ADDRESS 

CHANGING CONCEPTS IN THORACIC VASCULAR SURGERY 

Michael L De Bake) Ai D, Houston, Te\as 

M \ FIRST llioughl .it tins tune is to esiness im sineeio and giateful appieei 
ation foi tlie sign.il lioiim nhich ton h.ntc aecoidod me as Piesidciit at 
tins Assocntion Aftei obsennig the list ot distingmslied men i\lio li.ne pu 
ceded mo on those occasions, mv pleasuie in iiccivinn this honoi is ovcoedod 
onh hy mj sense of hunnliti iio\t thought is to tspioss mj deep gnti 
tudo to the othoi officcis ot the Assocmfion p.nitiuil.nly out Siotet.ii}, IIi 
Langston, and oiii oxceutno .issistant, JIiss Ilainiy, who hate peitoimid 
then duties with such diligence and officicncv that mine lequuod little mou 
than occasional concuiienec and com Icons attention 

Ill the selection of an appiopiiate topic foi this occ.ision it sccinod to me 
tli.it, fiist, It should ho stifficiciitly challeiigiiig to niciit jotii attention and, 
sicond, it should he lolatod to an aiea oi moiL in which I hate had intensnt 
inteicst Duiiiig the past decade my associates and I hate dciotcd oui main 
effoits and .attention to smgic.al .appioachcs to coitam caidiovastul.ii jiioh 
Icms Among these I hasc been especially concerned with diseases of the 
aoita and majoi aiteiics, and paiticnlailj aiicnnsm.il and occIusim lesions 
Accordingly, I should like to discuss some ot the iiioie significant ohsenatioiis 
deinod fiom oui expeiieiicc duiiiig this peiiod .is thej peit.iin paiticninilj 
to conceptual .and technical de\clopiiieiits as well as to faetois haiiiig an im 
poitant healing upon successful application of the opci.atiie pioceduie 

In geneial, the piim.iiy ohjectiics of thci.apj li.aie heeii lemoial of the 
lesion .and lostoi.ation ot lasculai eontimiitj IVith iiicieasing evpeiienee 
howeici, eeitain modifications in this concept oi suigical tieatment haie 
eioUed, depending laigely upon the iiatinc ot the disease In .ancuijsms, foi 
csampic, evtnpation of the lesion oi its complete olihteiatioii is essential In 
some instances this maj he accnmphshc't hj complete excision ot the diseased 
segment, wheieas in otlici instances this iiuipose niaj he .ichieied with gieatei 
technical facility hi paiti.il excision ,ind endo ineiut smoi iha])ln In occlusii e 
diseases on the othci hand lemoial of the lesion is not alwajs issciitial and 
indeed in some instances is cieii uiidcsiiahle Uiidei these cit eumst.nioes the 
maioi piohlcm is coiicoiiied with the hemodmaimc distuih iiices piodiiced hi 

From the Cora and Webb Madlnsr Depirtmcnt of Surgen Bajlor UnKtrsltj College of 
Aredlclne Hou'tton Texas 

Presented at the ThJrtj nin h \nniial Meeting of The \mericnn Vssocidtion for Thoracic 
Surgery at Los Vngelos Calif \pril 21 2^ lOoO 
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the occlusive process, whether it is of congenital origin, such as in coarctation, 
or of acquired origin, as in atherosclerosis. Aecqrdinglj-, the primaiy oljjective 
of therapy in these conditions is correction of the hemodynamic disturbances 
and restoration of normal circulation. This may be readil 3 " achieved by 
means of the. bypass graft without removal of the occlusive lesion, thus 


Fig. 1.— a. Preoperative angiocardiogram of patient with coarctation of aorta associated 
with aneurysmal formation, as depicted in b drawing, c, Pliotograph made at operation foliow¬ 
ing exposure and immediately before resection of lesion. 













Fig. 1.— ’’ont'd. d, Pliotograph made at operation showing completed replacement of 
resected segm.' ' l of coarctation and aneurysm of aorta with knitted crimped Dacron “graft.” 
as depicted ir drawing, f. Angiocardiogram in same patient made about 2 months after 
operation sho' . r normal restoration of vascular continuity and function. 





BJff J/1—^^copo^atI^e nnfflocnrdioffram and retrofrrnde aortogmin In patient ^vith co- 
Aictatlon In^Qlvin^r iowei (le**ccndinff tiioracic and «pp<'r abdominal aorta with marked calclfl- 
tatlon of latter segment 



rig 2L —Pliotographs made at operation with firaaings in same patient Illustrating 
application of bypasg principle in patient ^vlth coarctation of aorta Involving loucr descending 
and upper abdominal aorta The knitted crimped Dacron graft has been attached by cnd*to- 
slde anastomosis to descending thoracic aorta abo\c coarctation and similarlj to abdominal 
aorta below coarctation ** 
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avoiding some of the difficulties and hazards associaled with excision and 
graft replacement. To be sure, extirpation of the coareted segment with end- 
to-end anastomosis or with graft replacement is preferal)le in most of the usual 
forms of coarctation and should alwa.ys be done in those associated with 
aneurysmal formation (Fig. 1). But in some of the more unusual types, 
particularly those associated Avith relatively long coareted segments extend¬ 
ing in some instances into the abdominal aorta, the use of the bypass graft 
principle has proved to be an entirely effective and much simpler technical 
procedure (Fig. 2). Similarly, in occlusive lesions invohdng the major 



Pig^. 3A —Angiocardiogram in patient with atherosclerotic occlusive disease of major 
blanches of aortic arch sho^Mng incomplete occlusion of innominate artery and complete oc¬ 
clusion of left common carotid arterj'. as depicted in drauing at right. 

branches of the aortic arch, mo.st of Avdiich are of atherosclerotic origin, the 
bj'ijass graft i^rinciple has proved to be the most satisfactory procedure in 
most eases (Fig. 3). In a small proportion of these eases, in tvhich the 
occlusive process is tvell localized and involves only one of these t^essels. 
thromboendarterectomj’^ maj^ be the preferable procedure. 

The most important consideration in the aiJijlieation of excisional therapy 
for aneuiysms of the thoracic aorta is conceimed Avith the necessity for 
temporary arrest of aortic circulation through the segment to be resected. The 
potentially hazardous consequences of this procedure are increased Amscular 
resistance upon the heart AA'ith left Amiitricular strain and ischemic damage 
to the tissues distal to the occlusion, most important of AA'hich are the central 
neiwous system and the kidneys. In general, this problem assumes increasing 
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sigiiificaneo .'is tlic level of ocehi.sioii becomes closer to the heart. Control of 
these factors, thcrefoic, is of vital importance. Several methods iimy he used 
for this purpose depending upon the nature, extent, and loc.atiou of the 
aneurysm. Among these, hypothermia was first used hut, because of certain 
disadvantages associated with its application, it has been replaced by other 
methods which have been found superior. For most aortic aneurysms in 
which the proximal occluding clamp maybe applied dist.al to the left common 
carotid artery, the most .satisfactory method in our e.xperienee eomsists in the 



1 x?’®' 5-^—rhotoffiaph in same patient made at operation -uith drawing illustrating ap¬ 

plication of bypass principle The bifurcation Dacron "graft” has been attached by encl-to-side 
anastomosis to ascending aorta, and In a similar manner the right hmb of the graft has been 
attached to the right subcla\ian arterj while the left limb of the graft has been anastomosed 
enci-to-end to the endarterectomized distal opening of the left common carotid artery just below 
the bifurcation 

use of a pump byp,qss in "which oxygenated hlood is removed from the left 
auricle and pumped into the aorta distal to the oecluding clamps through a 
plastic cannula inserted upuard into the left femoral arteiy (Fig. 4). The 
major advantages of this method lie in the fact that it provides adequate circu¬ 
lation distal to the level of aortic occlusion to permit vinhilit.v and even 
function, as reflected hy renal function studies during this period, and to 
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prevent serious left ventileuliir strain by )naintenanee of blood ])i'essure at 
near normal levels. Although this method has been found to be the most 
satisfaetoiy for aneurysms located in this region, it is not completely effective 
in preventing s])inal cord damage, since among our 55 patients in whom this 
method was used, some manifestation.s of this comidication occurred in 2. 
In thi.s connection, it should be noted that in our eailiei' ex])ei'ienec with hy])o- 
thermia a somewhat similar incidence of the occuri-ence of this complication 
was eneountei-ed. This remains a rather baffling pi-oblem, as it has not been 
pos.sible to correlate the occurrence of the complication with any significant 



Fig. SA —AngioaortoRTam of patient with larpe .sacciform aneurj'.sm involving? ascending aorta 

as depicted in drawing: at right. 


factors, such as duration of occlusion, extent of resected segment, or jnimi) 
bypass flow rates, for these reasons, along with other obsei-vations, we are 
inclined to believe that the more significant factors ])crtaining to this lirobleni 
include vai-iatif)n.s in the anatomic pattern and segmental distribution of 
spinal arteiies and development of collateral circulation. 

Aneurj'sms invohdng the aortic arch that are located jiroxiinal to thi' 
level of the left common carotid artery ai'C a.ssociated with much more diffi¬ 
cult and hazardous problem.s, .since arre.st of aoilic cii-culalion at this level, 
even for a few minutes, may produce fatal heart failure or ischemic damage to 
the brain. Only in a few cases of sacciform aneurysms with a j'clatively nar¬ 
row neck are these problems a%mided, since they may be treated by tangential 
excision and aortorrhaphy. In all fusiform aneurysms, however, and even 
in sacciform aneurysms with a relatively wide neck that encroaches upon 
more than half the aortic circumference, measures must be taken to overcome 
the serious consequences of teraporarj’’ arre.st of aortic circulation at this level. 
Our experience vdth several methods which have been used for this pui’pose 
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Fl>? oB—Drawings lllu'^tritlnt; Mjrgn.al methoi\ o{ ircatinenl cn\plo>etl in this patient 
utilising tcinporarj bjpiv'^s graft to uniniam lottlc circulation ^luring rc'^ection oC ancuiybin 
anti rep Ur b> tiortoi rlmpln 



Pig 5C—PostoperatKe angiocardiogram in same patient showing relatl^eij normal aortic con- 
tinultj and function as depleted In drawing at rlglit 








Vol 38. No 2 
AuE'i^t 


PRKS] Dr.NTJAT. AODPHns 


JCiS 

^\o^ld suggest that the crilienl dptciiiiiiiiiig faetoi in tlieir ai)plicatiou is the 
proxiinnl extent o£ the aneurysm. Aceorilinglj’, the ma.ior factor in determin¬ 
ing the mctiiod to he employed is dependent upon whether or not the aneu¬ 
rysm involves the pioximal o or 4 cm. of the ascending aoita. Thus, in pa¬ 
tients without involvement of this segment of the ascending aorta, the tempo- 
i.iiy bypass principle is cmi)loycd By lhi.s means and with the use of partial 



Fig GO —Postoperati\e angiocardlogiam in same patient sho\\inE: relntivelj normal aortic 
\asculai continuitj and function In replaced segment of aoitlc arch as depicted m drawing 
at 1 ight 


oeclusion clamps and end to-side anastomosis, the bypass graft may be icadilj' 
applied proximal and distal to the anemysm after which the aortic segment 
to be removed may be isolated fi oin the circulation with maintenance of rela¬ 
tively normal aoitic circulation during the entire procedure (Pig 5). In pa¬ 
tients in whom the innominate and left coinuion carotid arteries are also in¬ 
volved, appiopriate branches from the bypass graft aie extended to these 
vessels to provide cerebral ciieulation (Pig. C). In this connection two tecli- 
mcal piinciples have been evolved which have enhanced the simplicitj^ and 


Fig 6A—Preoperatuo angio lortogram showing large fusiform aneunsm in\ol\Ing aortic 
arch as depicted In drawing (o) at right Drawings (b, c, and d) show method of surgical 
treatment emplojed in this patient utilizing teroporarj b>pass Dacron graft to maintain aortic 
and carotid circulation during resection of ancurj^ni 

Fig CP —Pliotograph made at operation showing completed replacement of excised seg¬ 
ment of aortic arch and aneurj«!m with Dacron graft including anastomoses to Innominate, 
loft common carotid, and left subclaNlan axterie** • 
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facility of the operative procedure. The first is concerned with the applica¬ 
tion of the byiiass graft to the carotid arteries. In some' eases, performance 
of end-to-side anastomosis on these vessels by use of a partial occluding clamp 
IS technically difficult or may be associated with sufficient narrowing of the 
lumen to interfere significantly with cerebral circulation. These difficulties 
mfiy be readily overcome with the use of the temporaiy internal shunt 
principle (Fig. 7). This can be easilj^ done by use of a Affi. 14 soft poly¬ 
ethylene^ tube, approximately 10 cm. in length, which can be inserted through 
an opening in the artery in the same mannei- as a T-tube is inserted into the 
common bile duct, after which the artery is cii-eumferentially tightened against 
the tube by means of umbilical tapes which had preidously been looped around 



Fig. 7.—^Drawings illustrating use of internal shunt principle to maintain circulation in carotid 
artery during end-to-side anastomosis of graft. 

the vessels. While circulation is maintained through this polyethylene tube, 
the end-to-side anastomosis of the graft to the Imear incision in the artery is 
performed and, just before the last few anastomotic sutures are tightened, the 
tube is quickly removed and the anastomotic sutures are tightened and tied. 
By this means cerebral circulation is interrupted for only a matter of seconds. 

The second principle is concerned with conversion of the temporary by¬ 
pass graft into the permanent graft. This has become ijossible with the de¬ 
velopment of the Dacron tube as a vascular replacement, which may be used 
as a temporary bypass graft as well as a graft replacement for the excised 
aortic segment. Although it is not always necessary or desirable to convert 
the temporary shiuit into the permanent graft, under some circumstances it 
may have a distinct advantage in reducing the extent of the operation, pai’ticu- 
lai'ly in eases in which the major bi'aiiches of the aortic arch are involved in 
the procedure. Its further advantages ufill be discussed later in consideration 
of more extensive aneurysms iiiAmlving both the thoi’acic and abdominal aoita. 
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Aneurysms that involve the proximal segment of the ascending aorta con¬ 
stitute by far the most serious and challenging problems in this field of 
surgery'. Under these circumstances it becomes necessary to employ the 
cardiopulmonaiy bypass method with use of the artificial heart-lung ap¬ 
paratus. Application of this method imposes certain additional problems some 
of which have yet to bo satisfactorily solved. For one thing, many' of these 
patients are in the sixth to eighth decades of life and are likely- to have vary¬ 
ing degrees of associated heart disease. Temporary interruption or even de¬ 
crease in coronary circulation in such patients is poorly tolerated and fatal 
heart failure may- ensue. .Second, owing to the necessity for heparinization in 
application of this method, control of hemorrhage in the grafted segment after 
completion of the procedure may be extremely difficult, despite the use of 
measures to counteract heparinization. To be sure, some success has been 


Fig- SA •—Preoperati\e aortograni In patient with large fusiform aneurj'sm involving 
lover descending thoracic and upper abdominal aorta including major abdominal visceral 
branclies or aorta as depicted in drawing at right. 


achieved in application of this method, but an almost equal number of failures 
has occurred, re.sulting mainly- from the aforementioned problems. It is thus 
apparent that this represents an area in which there is need for more clinical 
and expenmental investigations, particularly- in regard to improved methods 
of maintaining coronary- arteiy perfusion. 

Increasing experience in the surgical management of aortic aneuiysms 
and in these various technical procedures has gradually permitted assumption 
of a more aggressive role in the application of c.xeisional therapy- for the more 
extensive lesions which were formerly considered inoperable. The limitations 
of tills method of therapy- have thus been .steadily e.xtended. Indeed 
as the lesion itself is coueerned, there aic now few'eontraindicaf 
section. This is well exemplified by- the successful 
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of treatment lu patients having ancuiysms involving the entire descending 
thoraeie and nppm. segment of the nbdommal aorta or the lotver descenltf 
and entire abdominal aorta (Pig, 8). Similarly, patients ivitli separate ftisi° 
form aneurysms of the tlioraeio and abdominal aorta have been miceessMIv 
treated by this means (Kg. 9). Tn patients with siieh extensive Z^sl^l 
and particularly those involving the lower descending thoraeie and iinner 
segment of the abdominal aorta from which the vital branches of the L- 
omnial viscera arise, the principle of subsequent conversion of the temporary 
bypass graft into the permanent graft has proved of inestimable value in the 
successful application of this method of therapy. The extent to which this 



Fig. SB.—Drawings illusti'ating metliod of resection and graft replacement in this patient 
utilizing principle of conversion of temporary shunt into pei'manent graft. An important ad¬ 
vantage of this method lies in the fact that it minimizes the period of renal ischemia, which 
is the most critical factor in the operative procedure. 


may be done is illustrated by a case of a huge dissecting aneurysm involving 
the descending thoracic and upper abdominal aorta which occupied virtually 
the entire left thoracic cavitj' (Fig. 30). The knitted Dacron bypass graft 
was attached by an end-to-side anastomosis to the aorta just distal to the left 
subclavian artery and then brought down through an o]Dening in the diaiihragm 
and retroperitoneally to be similarly attached to the abdominal aorta just be¬ 
low the renal arteries. AVith the graft serving as a temporary shunt, occluding 
clamps were applied to the aorta immediately above and below the aneiiiysm. 
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Fjp iC —Photograph made at operation in this patient showlnr completed replacement 
of resected segment of aoita uith Dacron “graft" including branches to celiac, superior mesen- 
tciic, and renal arteries. 



Fig- SD.—Postoperathe aortogram In same patient showing restoration of vascular contlnulti* 
and function through Dacron graft as depicted in drawing at right. 
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thus isolating it from the circulation and pevmiiimg hs excision. After com¬ 
pletion of this procedure, Ihe openings in the aorta adjacent to the occluding 
clamps were closed by suture and the occluding clamps ivcrc removed. The 
temporaiy bypass gj-alt then remained Jo serve as the permanent graft. Since, 
during this entire procedure, there was no interference with aoi-tic circulation' 
no hemodynamic disturbances occurred. Moreover, the extent of operative 
trauma, duration of anesthesia, and amount of blood lost were greatly mini¬ 
mized. These a?’c iactoi'S which, from our experience, have assumed inei'cas- 
ing impoitance in detei'inining the patient’s tolerance of the surgical pro¬ 
cedure. 



Pig, 9A .—Preoperative angiocardlogiam and aortogram in patient with large fusiform 
aneurysm of upper descending thoracic aorta and another even larger lusStorm aneurysm in¬ 
volving upper segment of abdominal aorta as depicted in drawing at right. Note that celiac, 
superior masenteric, and left renal arteries arc completely obliterated with compensatory 
collateral circulation being provided through enlarged inferior mesenteric artery'. 

There are, of course, a number of other factors, both systemic and local, 
which have an important bearing upon the risk of operation. Among the 
most important of these are advancing age, hypertension, and associated heart 
disease. The significance of age is well exemplified by the fact that the 
operative fatality rate for fusiform aneurysms of the descending thoracic 


pjg.. gj 5 .—Drawing.^ illustrating methods of aneurysmal resection and gra,ft replacement 
In this patient. The abdominal aneurysm wa.s resected first, as illuspated by the 
drawings utilizing the principle of conversion of the temporary' shunt into the permanent 
Dacron^ graft. On the fourth day following this operation the thoracic aneury.sm Wtured 
necessitating emergency operation consisting of resection and Dacron iSt-h*^and 

the involved segment of descending thoracic aorta by the moUiod shown In the lower leit nana 
drawing" with pump bypass from left auriclo to left femoral artery. . t ^ 

Pig. 9 C.—Angioaortogram made approximately 1 month after oPCfytjP" 
tlon of aortic continuity and function through Dacron grafts in thoracic and abdominal aorta 
as depicted in drawing at right. 
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aorta was^ threefold greater in patients in the seventh and eighth decades of 
life than in those younger than this, the respective figures being 36 and 12 
per cent. The importance of hypertension is demonstrated by tlie fact that the 
risk in this group of patients was almost three times greater than that in 
normotensive patients. Probably the most important factor in this regard is 
the presence of associated heart disease, particularly coronary artery disease, 
since in oui exj)ei’ienee the operative mortality in this group of patients was 
almost five times greater than that in patients without heart disease. There 



Fig. lOA .—Anteroposterior roentgenogram of patient showing large dissecting aneurysm of 
descending thoracic aorta occupying most of left pleural cavity. 


is reason to believe, however, that despite these factors continued improve¬ 
ments in the surgical management of these patients should permit further re¬ 
duction in the operative risk. This is indicated by the fact that in our most 
recent series of 62 cases of aneurysms of the descending thoracic aorta in 
which some of the technical developments just described were employed, the 
operative mortality was only 15 per cent which is exactly one half of that in 
our earlier series of 33 cases. 

Tn addition to these tangible factors, which are concerned with the nature 
of the lesion and with associated local and systemic diseases, there are certain 


Fig lOJ ?—^Aortogram of same patient showing extent of involvement of dissecting 
aneurysm arising just distal to left subclavian artery as depicted in drawing at 

Fig. lOO.—Drawings illustrating method of surgical treatment etnp^yed m this patient 
utilizing the principle of conversion of temporary shunt into permanent graft as descnbea n 
text. 
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other considerations, less tangible in character, that also have an important 
bearing upon the success or failure of these methods of surgical tveatnient 
They pertain particularly to surgical capability, extent of clinical experience, 
close attention to details, preciseness and dexteritj^ in technical performance, 
and perhaps the attitude and temperament of the surgeon. To be sure, these 
are factors of importance in all tj-pes of surgeiy, but there is no field of surgery 
in which they assume as much significance as in cardiovascular siu’gerj^ This is 
due in large measure to the fact that the margin of safety in this field of surgery 
is often extremely small. Preciseness in dissection of tissues, in application 



Fig-. 10Z>.—^Pliotograph made at operation following completion of procedure showing 
functioning thoracic portion of Dacron “graft" with end-to-side anastomosis of graft to de¬ 
scending limb of aortic arch just visible in upper right-hand comer of photograph. Most of 
abdominal portion of Dacron "graft” lies retroperitoneal. 

of a suture, or even in tyuig a knot may make the difference between 
life and death. Technical errors Avhich in some other fields of surgery would 
be considered minor can and do assume vital significance in cardiovascular 
surgery. 

The relative importance of these intangible factors increases as a result 
of experience, and cognizance of these matters is of extreme value in the 
preparation of the sifrgeon for this field of stirgeiy. The surgeon must be 
tvilling to put forth the necessary effort to perfect and refine his technical 
pi’eeision and skill in eaiT 3 dng out difficult procedures if he wishes to attain 
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the higliest possible degree of success. Only by arduous attention to these 
details can ho sati.sfactorily meet tlie difficult and challenging aspects of these 
problems. Still another factor, along these same lines that deserves emphasis, 
lies in the fact that cardiovascular snrgeiy exemplifies so well the importance 
of fundamental training in general surgery. 'While one may consider this a 
highly specialized field of surgery, the need for thorough ‘familiarity with the 
general field of surgery has been well illustrated by some of the cases to which 
reference has been made, in which the operative procedure was necessarily ex¬ 
tended well beyond the thoracic eavit3^ Blood vessels have an inherent 
characteristic of reaching to all parts of tlie bodj' and do not respect some of 
the artificial baniers which have been established by specialization. No less 
important are the various .sj-stemic proiriems of a physiologic or biochemical 
nature that are often associated with these vascular disturbances. Inerea.sing 
experience in this field of surgerj’’ has led me, like others, to the firm oon- 
rdetion that sueec.ssful surgical management, as well as progrc.ssive develop¬ 
ments both conccptuallj’ and tcehnicallj', is best expressed through a broad 
background in general surgerj'. 

In conelusion, let me saj' that while the observations which I have pre¬ 
sented here have been dori\'ed largclj- from our own experience, I am deeplj' 
appreciative of the pioneering efforts and the numerous contributions which 
have been made bj' a host of investigators throughout the world. Since many 
of them are present in the audience, it gives me much pleasure to express these 
sentiments of high triljutc. The trulj' impressive progress that has taken place 
in the field of cardiovascular surgery during the past decade provides a bril¬ 
liant reflection of these efforts. Among the most striking features of these 
advancements, and undoubtcdlj- important factors underlj'ing their attain¬ 
ment, have been the increasing intcn.sity of research endeavors and the bold 
ingenuity and aggi'cssive approach characterizing the surgical attack on these 
grave diseases. As a conseciucncc, manj' conditions which onlj' a few years 
ago were considei'ed hopeless are now amenable to effective therapy. No less 
imijortant has been the fact that these surgical investigations have con¬ 
tributed significantlj' to greater Imowledge and better understanding of the 
underlj'ing fundamental faetore involved in the pathologic, phj'siologie, and 
Inochemieal di.sturhance.s of cardiova.scular problems. AVith the continuing 
vigor and intense aetivitj' characterizing the current status of cardiovascular 
surgerj', only the limits of imagination should restrict its progress. 



VENA CAVA-PULMONARY ARTERY ANASTOMOSIS 


III. Successful Operation in Case of Complete Transposition of Great 
Vessels With Interatrial Septal Defect and Pulmonary Stenosis 

Paul IF. Sanger, M.D., Francis Robicsek, Al.D., and 
Frederick H. Taylor, Al.D., Charlotte, N. C. 


I N PREVIOUS publications,^’ -• ^ sve reported our experiences gained in animal 
experiments with vena eava-pulmonary artery anastomosis. In these ex¬ 
periments, the superior eaval vein was severed before entering the right 
atrium, the right pulmonary artery was transseeted at its origin with the 
main pulmonaiy trunk, and the peiipheral stumps of the two vessels were 
anastomosed by an end-to-end method. In this manner, about half of the 
systemic venous blood flow bj^iassed the right heart, and the right lung was 
supplied with blood directly from the superior vena cava. 

Follow-up examinations, after 5 years, of the animals operated upon 
showed the pulmonary blood flow and oxygen uptake equal on both sides 
with no increase in venous blood pressure in the area of the superior vena 
cava. Similarl}' favorable experimental results were reported by Glenn and 
associates.^’ ® 

The vena cava-pulmonary anastomosis, as a palliative procedure, has the 
following advantages over other anastomotic operations; (1) no extra burden 
is placed on the heart by creating an artificial patent duct (on the contrary, 
it relieves the overloaded right ventricle of half of its output), (2) by de¬ 
creasing the blood flow through the right A’-entricle, it decreases or completely 
abolishes the right-to-left shunt, (3) the blood pressure in the main trank of 
the pulmonary artery is not elevated by this procedure, (4) the anastomosis 
supplies “pure” venous blood to the lung, providing 100 per cent oxygenation 
for nearly half of the systemic venous blood flow, (5) endarteritis is less 
likely to occur, and (6) technically the operation, even on small subjects, is 
not difficult. 

On the basis of our animal experiments, in which the phj^siology of vena 
cava-pulmonary anastomosis was studied in detail, it seemed logical that this 
operation would be beneficial in some types of congenital cyanotic heart 


This work was done in the Heineman Laboratory for C^dio-Pulmonao' Research and 
Department of Thoracic Surgerj', Charlotte aiemorial Ho^ital, Charlotte, X. C., and \vm5 sup¬ 
ported by the United iledical Research Foundation of Xorth Carolina and by the John A. 
Hartford Foundation. 
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disease with noniial pulmoimiy lasculai lesistaiice, such as tiieuspid atiesia 
01 stenosis, Ebstein’s disease, eeitain foims of Fallot’s tetialogy, among 
otheis 

CASi nrpoBi 

An linear old T\hito bo\ ^va'? admitted to the Department of Tiioracic Surgery, 
Charlotte Jreinonal Hospital, because of retarded development and shortness of breath 
On physical examination he A\as severelj oanotic, md the fingers and toes were clubbed 
Tho apical impulse ^\as m the lelt fitth interspace lu tlie midclavicular line and it ■nas 
forceful There nas a i%eaX systolic thrill palpable o^er the ^^hole precordium, and a 
s\stolic murmur nith the suno localization The murmur ^sas also audible in the epi 
gastnuni, over tho aortic arch and carotid arteries Tho maximum point of auscultation 
uas parasternallj iii the left second and third mtcrspoces The pulmouarj second sound 
^as decreased in intensity 



Fig 1 —Schema of the operation performed 


Tho red blood cells numbered 5 5 million, hematocrit 54, hemoglobin 15 4 grams per 
cent, othennso tho routine laboratory data were irrelevant Tho electrocardiogram showed 
right sided heart strain On \ ray CAaminatiou, the heart was not enlarged Ihe pulmo 
nary conus was not Msible However, tho lular vessels shov^ed moderate enlargement 
and tho penphenl lung fields were avascular The mediastinum 'uas narrow 

Right lieart catheterization was performed through tho prepared right saphenous 
vein The catheter passed an interatrial septal defect and was later introduced into the 
right ventricle but not into tlie pulmonnrv artery Blood pressure in the right ventricle 
was D8/3 mm Hg Tho oxygen content of the blood samples suggested a bidirectional 
(primarily, right to left) shunt at atrial level and a bidirectional (pnmanh, left to right) 
shunt at ventricular level 

Following the heart catlietenzation, an angiocardiography nas performed The dye 
injection studies revealed a large interatrial communication, complete mixing of the blood 
in tho ventricles, simultaneous filling of the retropositioned pulmonary artery, and the 
right sided aortic arch 

With the aim of performing a complete repair of the heart condition, a thoracotomy 
was performed and an artificial heart lung machine was held readv for cardiopulmonarv 
by-pass Tho exploration revealed complete transposition of the great vessels Tlie small, 
hvpoplostic pulmonary artery arose posteriorly from the left ventncle, and the outflow 
tract of tho nglit ventncle continued dircctlv in the dilated aorta The condition was 
considered inoperable and the chest was closed without furtlier attempts of correction 
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The patient tolerated the procedure relatively well, but 4 to 5 months following 
surgerj' his condition showed further, rapid deterioration. The cyanosis increased and he 
became more and more dyspneie. At this time a second intervention (vena cava-pulmo- 
nary anastomosis) was decided upon. 

Under endotracheal, ether-oxygen anesthesia, a right, posterolateral thoracotomy was 
performed in the bed of the resected fourth rib. The superior vena cava and the azygos 

f 

BEFORE ANASTOMOSIS V. CAV. SUP. CROSS-CLAMPED ANASTOMOSIS 

COMPLETED 



Fig. 3 .— Electrocardiogram taken before and 24 surgery, .^ote the disappear- 

ance of right ventricular strain and rotation of the electric axis to the le t. , 
gery. B, After surgery. 










I*Ig 5—Postoperative anplocardloffram The dje Injected Into the superior vena cava raplcllj 
fills the vessels of the right lung through the wide vena ca\a-pulmonarJ anastomosis 






SANGEE, EOBICSEK, TAYLOE J. Thoracic and 
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■V eiri were dissected fiee. The pressures in the systemic venous system were continuously 
monitored by catheters inserted into the superior and inferior venae cavae. The pulmo¬ 
nary arterj' was localized rightward and posteriorly to the ascending aorta. The pressure 
in the pulmonary artery was found to be 16/7 mm. Hg. After freeing the right pulmonarj' 
arterj', it was ligated at its origin with the main trunk and cross-sectioned distal to the 
ligature. The peripheral stump was held by a Crawford vascular clamp. Similarly, the 
superior vena cava was ligated before it entered the right atrium and was severed here. 
Thereafter, an end-to-end anastomosis was performed between the distal stumps of these 
two vessels. TJpon releasing the clamps, the right pulmonary artery filled well through 
the anastomosis. The blood pressure in the superior vena cava at the time of the occlusion 
rose from 17/8 to 58/50 mm. Hg, but fell to 21/19 mm. Hg immediately after completion 
of the anastomosis. There was no change in the rhythm of the heart, systemic arterial, 
and inferior vena cava blood pressures. The c3mnosis of the face and lips increased sig- 
nificantlj’" during the occlusion of the superior vena cava, but completely disappeared 
following the anastomotic procedure. An intercostal tube was used to drain the right 
pleural cavity as the thoracotomy wound was closed in laj-ers. 

The patient awakened immediately after the operation and had an unevmntful post¬ 
operative course. The cyanosis did not return even after moderate physical exercise, 
which he was able to do without dj-spnea. The oxygen saturation of the .systemic arterial 
blood rose from the preoperative 82 to 93 per cent. Angiocardiography, performed on 
the fourteenth postoperative day, showed rapid filling of the right pulmonary vascular 
system from the superior vena cava through a wide open anastomosis. An electrocardio¬ 
gram made after surgery showed the disappearance of the right ventricular strain and the 
electric axis turned to the left. 

The patient was discharged 14 daj’^s following surgerj' and has been followed clo.sely 
since then. He has good color and no recurrent signs of cj'anosis. Venous pressures are 
essentially normal and he is able to perform normal phj-sical activities without d3’'spnea. 


SUMIdAKY 

After 5 years of animal experiments, the authors performed a vena cava- 
pulmonary anastomosis on an 11-year-old boy, suffering from complete trans¬ 
position of the great vessels, interatrial septal defect, and pulmonary stenosis. 
In the course of the operation, the superior vena cava and right pulmonary 
artery were ligated proximally and cross-sectioned, and an end-to-end anas¬ 
tomosis was performed between the distal stumps of the vessels. In this way 
about 50 per cent of the systemic venous blood flow bypassed the right heart 
and was shunted directly into the right lung. The patient tolerated the pro¬ 
cedure well and showed significant postoperative improvement. 

The authors recommend the procedure for the treatment of congenital 
heart disease when pulmonary blood flow is impaired, pulmonary vascular 
resistance is not elevated, and complete surgical repair cannot be performed 
because of anatomic reason^ or because of the patient s age or general con¬ 
dition (such as, tricuspid atresia and stenosis, hypoplasia of the right ventri¬ 
cle, atresia of the pulmonary arteiy, and certain forms of tetralogy’’ of Fallot). 
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SUPERIOR VENA CAVAL REPLACEMENT 

IV. Experimental Use of Alcohol-Presers^ed 
Heterografts of Bovine Aorta 

Angelo Riberi, M.D., and Thomas C. Moore, M.D., Indianapolis, Ind. 

T he iJtPORTANCE of obtaining a suitable and consistently successful means 
of superior vena caval replacement and bypass has been discussed in de¬ 
tail in previous communications.'’ ® S3Tithetic vascular prostheses and bomo- 
grafts of aorta and vena cava have been shovni to be unsuitable.^- ^ Of the 
free grafts, only fresh autogenous aorta has been found to be consistently 
successful with long-term retention of patency and freedom from constriction 
and thrombus formation. 

The present study was carried out to evaluate the suitability of alcohol- 
preserved heterografts of cow aorta for superior vena caval replacement. 

MATERIAL AlsD METHODS 

Healthy mongrel dogs were used. The weight of the dogs ranged from 
12 to 30 Kg. A mixture of oxygen and ether, delivered through an endotracheal 
tube by means of a mechanical respirator, Avas employed for anesthesia follow¬ 
ing induction udth intravenous Pentothal. A right third intercostal space 
thoraeotomj^ incision Avas used. The superior vena cava Avas dissected fi-ee 
from surrounding structures. Potts coai’ctation clamps were used to occlude 
the proximal and distal ends of the superior vena cava and a portion of the 
superior A^ena caAm Avas resected. The resected segment of vena cava Avas 
replaced AAuth a preserved heterograft of cow aorta. A continuous over-and- 
OA'er suture of 5-0 arterial silk was used for both anastomoses. The hetero¬ 
grafts of boA’ine aorta Avere all slightly to significantlj" larger than the canine 
A'ena caAm being replaced. The heterograft appeared to function satisfactorily 
in all animals at the time of placement. The coav aorta has a verj"- thick and 
firm Avail and there Avas no tendencj' for the heterograft to collapse. The 
chest Avail was closed in layers and a catheter, AA'hich Avas left in the chest 
during the closure, Avas aspirated and AAdthdraAATi. 

From the Department of Surgerj', Indiana University Medical Center, Indianapolis, Ind. 
Supported in part by grants from the National Heart Institute of the Department of 
Health, Education and Welfare, Public Health Service, the James Anutcornb Riley Memorial 
Association, and by a contract between the Office of Naval Research, U.S. Na^'^^ and Indiana, 
University. 
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The segments of cow aorta employed in this study ■were obtained from a 
local packing company and were preserved in 70 per cent ethyl alcohol. The 
duration of stoi’ago and preservation in alcohol ranged from 7 to S months 
The heterografts were reconstituted for at least one hour in normal salt solu¬ 
tion containing penicillin and streptomycin. 

RESULTS 

Alcohol-preserved heterografts of bovine aorta were employed as de¬ 
scribed for the replacement of resected segments of superior vena cava in 11 
dogs. Ifeterograft patency uas investigated by cavograra, postmortem e-X- 
amination, or both from 2 da.vs to IS months following caval replacement 
(Table I). The heterograft was found to be patent in 9 animals and occluded 
in 2. The 2 animals in which heterograft oeelu.sion oceuired were examined 
at autopsy 14 and 21 da 3 -s after operation. The graft was patent in all of 7 



1—-Caxograms demonstrating patenc> of heterografts used for superior \ena caval re¬ 
placement (A) m Dog 847 and (B) In Dog 570. 18 months following operation 


dogs in which graft patenej' was investigated more than 30 daj’S after oper¬ 
ation. Two animals are alive 18 months after operation. Recent eavograms 
have established the patenej' of the heterografts in both animals (Pig. 1). 

The gross appearance of the heterograft was studied at autopsj' in 9 
animals In 2 of those studied, occlusion of the giaft with thrombus formation 
has occurred. Neither heterograft constriction or thrombus formation wa.s 
encountered in 4 dogs examined from 2 to 32 days following operation. A 
few thrombi were found at both siituic lines in one animal, 31 dajxs following 
operation. Nonetheless, this heterograft was patent and showed no e/' 
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of eonstuotion The hetoiogiaft in Dog 869 nas studied 8 months aftci place 
meiit The giaft iias patent and free of tluombus foiination A degiee of 
constuction iias eiifounteicd in one aiea of the giaft Smulai findings ueie 
ohseiied in Dog 848, 12 months aftci hcterogiaft placement (Fig 2) The 
coiistriotioii ■which had ooeiiiicd in one aiea of this giaft had not significant!} 
eompiomised the lumen of the giaft It is of inteiest that the calcification 
so often found in longtciin dei italized, pieseiied homogiafts used foi ateiial 
leplaeement nas not cnooimteied in cithci of the 2 animals studied bj aiitopsi, 
8 and 12 months following opeiatioii 



F‘i 8‘ 2—^Autopsj photopriph of heterograft from Doj, 848 12 months after operation A 

small area of constriction at one en 1 of the graft ma> be seen 

Mici oscopic study of the homogi aft in Dog 848 n ns cai i led out 12 months 
aftei opeiation (Fig 3} The giaft ■wall ivas quite thich The bulk of the 
giaft -ttali was acelliilai and cssentiallj amoipiions Tiioie was no sigmfitaiit 
imasion of the giaft bj suiioniidiiig coniiectnc tissue ATi micioscopic 
evidence of ealeiflcation oi tluombus loiiiialioii was cncoiintded The lumen 
of the graft Ind become eiidothcliaed 

DISCUSSION 

Although alcohol piesened lieterogiafts of bonne aorta weie not imifoimh 
successful Ill the leplaeemcnt of cmine supciioi lena caia, then successful 
use m 9 of 11 animals is leguded as significant Alcohol piesen ed lieteio 
giafts seem to diffei fiom fiesli hctciogiafts and those piesentd b} tlie_^ 
fieezediying method Kimoto and Ins associates' haie suggested that this 
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Fig. 3.—Photomicrographs, umler low power (?e/0 and liigher power (.right), which sliow thick, acellular and rela’ 
tively amorphous, heterograft wall, and absence of significant host connective tissue and vascular invasion in Dog 818 1( 

months after operation. “ ’ 
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difference might bo due to the elimination of some of the untoward antigen- 
antibody reactions which occur in heterologous transplantation in the viable 
state. They felt that this alteration inight be brought about by the action of 
alcohol in the dissociation of lipoproteins and the denaturization of other 
proteins rendering the hetei'Ograft serologically inert. They found that 
heterografts of human arterial segments of viable preservation were successful 
in i-eplaconient of resected segments of the abdominal aorta in only 3 of 8 
dogs. When alcohol preservation of the heterografts was emiiloyed for periods 
ranging from 6 to 219 days, the heterograft remained patent in 19 of 21 
animals. While rupture occurred in 4 of the 8 heterografts of viable preser¬ 
vation, it was not encountered in the group of 21 animals in which alcohol-pre¬ 
served heterografts were utilized. The 2 failures in the group in which the 
alcohol-preserved grafts were used were due to thrombotic occlusion of the 
heterograft. 

The thiekness of the walls of the heterografts which rendered them 
essentially noncollapsible and the greater size of the lumen of the heterograft, 
than that of the superior vena eaval segments they were being utilized to 
replace, are likely factors in the sm-pi-ising success experienced with tlio use 
of alcohol-preserved heterografts for eaval replacement in this study. The 
use of free grafts larger than the superior vena cava foi’ eaval replacement 
has not been reported. The long-term suitability of thick-walled or rigid 
free grafts for eaval replacement also has not been investigated. Enerson 
and Galanto® have reported short-term experiences of 1 to 6 weeks with semi¬ 
rigid free grafts of alcohol-pre.served homografts wl'.ich were externally 
supported by a braided nylon tube. The homograft was secured to the nylon 
tube with a few interrupted sutures of tine silk. A slightly greater short-term 
fi’eedom from partial or complete thrombosis was observed in the group of 
externally supported homografts. 

Graft constriction appeared to be a less serious problem with the larger, 
thick-walled bovine aorta hoterogi'afts than with the smaller, more thin-walled 
homografts. Qerbode*' “ found that all of 25 homografts used for superior 
vena eaval replacement had become occluded within 8 months after placement 
by thrombosis or fibrotie constriction. Some constriction was observed in 
2 heterografts, 8 and 12 months after operation. However, the degree of 
constriction in these larger, thick-walled heterografts did not significantly 
compromise the size of the graft lumen. It wfis also of interest that calcifica¬ 
tion was not encountered in either of these long-term grafts on postmortem 
study. 

The results of this study would appear to justify a more detailed in¬ 
vestigation of the suitability for superior vena eaval replacement of aleohol- 
preserved heterografts of i-elatively large size and thick walls. In addition, 
the experimental use of some of the newer, more rigid, synthetic vascular 
prosthetic tubes, in sizes larger than the vena eaval segment to be I'eplaeed, 
woidd seem to be indicated. 
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EXPERIMENTAL AND CLINICAL APPLICATION OF A PUMP 
FOR PARTIAL AND TOTAL AORTIC BYPASS 


N / Demetiakopoiilos, M D, Thomas ]V Shields, ^I D, and 
F John Lewis, M D, Chicago, 111 

A PUMP bjpas'i mIiicIi shunts blood fiom tlic left atrilim to the fenioial aiteiy 
piovides an excellent sjf.tem foi excision and replacement of the de 
scending tlioiacie aoita Oui woik, icpoitcd hcic, eonfiims that of De Bakey, 
Cooley and associates,' “ uho adiocate this technique for managing certain 
aoitic lesions Our expciiments also suggest that the left atnal femoral ai 
teiy shunt may piovide a good solution to the formidable piobleni of leseeting 
the aortic arch This typo of bjpass for the aoitic aich has been rooom- 
raended recently by Johnson® and it would have the adi nntage of being muoh 
simploi than the use of a pump oxj genator ® 

Hypothermia,” tasoulai shunts iiithout pumps,* and special anastomotic 
techniques® have all been employed to peimit resection of the thoracic 
aorta These methods hate sciious disadiantagcs Minch the pump bypass 
laigcly os ei comes Although hjpothcnnia iiiaj piotect against spinal coid 
damage, it does not prevent the hjpeitension pioximal to the site of aoitic 
occlusion which puts a heavy Inn den on the left icntiicle It could not, of 
course, he used alone for aoitic arch lesions Yasculai shunts fiom pioxi 
inal to distal aitery Mithout a pump aie tioublcsome, umclnble,® and difficult 
to aiiange in the opeiatiio field Special anastomotic techniques aie hard 
to use and has e only limited applicabilitj 

A pump system foi eithei iiaitnl oi total aoitic bjpass mIiicIi elimmatcs 
nidiii of those difficulties has been studied in dogs and eniploj ed elinicalh 
foi lesection of the descending thoiacic aoita 

METHODS A1\D MATERIALS 

The pump utilized thiougliout the experiments Mas a modified Dale 
Schustei® pump designed bj Di JI Ghedman, mIio formeilj Moiked Mith 
one of us The pump (Dig 1) consists of a flcAible Gooch ciucible tubing, 
Mith a capacitj' of 80 ml, enclosed in an aiitight tube of Liieite Alternate 

From Department of Surgerj Northwestern Uni\crslt> Merllca! School and \ eterans 
Administration Research Hospital Chicago HI 

Supported In part b> a grant from the Chicago Heart Association 
Received for publication Jan 29 1959 
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suction and compression is applied on the flexible tubing within the cylinder 
of Lucite and delivered through a thrce-waj’' solenoid valve. Originally, a 
self-regulating mercury switch tripped by the distended tubing was used to 
regulate the duration of the phases of alternate compression and suction, but 
this was found to be unreliable. Therefore, it was replaced bj^ a Amriable 



Fig-. 1 ,—The pump used for the extracorporeal bypass 


Solenoid aW 

valve 


electronic timer.* The direction of flow through the pump is regulated by 
the one-way ball valves. Blood flows into the Gooch tubing by gravity, as¬ 
sisted by external suction in the Lucite tube, and is ejected from the pump 
by compressed air replacing the suction. The volumetric capacity of the pump 
and the connecting tubes varied with the speed and duration of filling. It 


•Obtained from G. C. Wilson & Co., Huntington, West Virginia. 
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\’aried between 20 and 55 ad. The rate of filling and primping was adjusted 
between 14 and 26 times per minute to maintain an optimum flow in the in- 
dirddual experimental animal. For ideal conditions, it was deemed necessary 
for the filling phase of the pump to be on the average of one and a half times 
as long as the emptying phase. 

Adult mongrel dogs were used throughout the experiments. Anesthesia 
was obtained with intravenous Nembutal. The femoral and right brachio¬ 
cephalic arteries were isolated and the left pleural space was entered through 
the fourth interspace. Heparinization was obtained with 1.2 mg. per kilo- 
gi'am of weight. A No. 18 Fr. flexible plastic catheter was placed into the 
left atrium and connected to the inflow tubing of the pump and a No. 12 or 
14 Pr. plastic Bardic catheter was placed into one of the femoral arteries and 
connected to the outflow tubing of the pumj) to complete the bypass. The 
flexible plastic catheters were found superior to the rather rigid pol 3 mthylene 
catheters of the same size. 

Iir the series of pai-tial aortic bypass, the descending aorta was occluded 
just below the arch and, for total aortic bj'pass, the ascending aorta was 
clamped above the coronary ostia. Distal arterial pressure was recorded by 
an arterial catheter inserted into the remaining femoral and eonnoeted to a 
mercuiy manometer. Proximal itrcssures were recorded by a catheter in- 
sorted in the brachiocephalic arteiy. When the ascending aoi’ta was clamped 
in the total bj’pass, the pressure just above the aortic valve or in the left 
ventricle was recorded through a rigid No. 5 Pr. catheter introduced through 
the braehiooephalie artery and passed beyond the site of oeelusion. Clamping 
of the aorta was not suffleient to occlude the lumen of this catheter, and re¬ 
liable pressure readings were obtained. , 

The duration of the bypass varied from 30 minutes to 90 minutes. After 
completion of the procedure and removal of the catheters, protamine sulfate 
was given to neutralize the heparin. Penicillin was instilled into the pleural 
space before closure and given systemicallj' for one week postoperativelj'. 

Plasma hemoglobin determinations wei'c performed before and at the 
completion of the experiment as a measurement of the extent of red blood 
cell destruction. At the time of death or late sacrifice of the experiment ani¬ 
mals, histologic studic.s of the kidnej'S, liver, and other viscera were obtained. 

RESULTS 

After standardization of the technique of the byiiass with an extra¬ 
corporeal ])ump, 26 mongrel dogs comprised the experiment studj^ group. 
Nineteen of these were subjected to partial aortic bj'pass and 7 were subjected 
to total aortic bypass. 

Three of the 19 dogs undergoing partial bypass were lost because of 
technical error during the operative experiment. Only one of the 16 animals 
surviving the procedure succumbed in the earlj' postoperative ireriod, and 
this as a result of hemorrhage from the chest wall. The 15 I'cmaining animals 
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were followed from 3 to 60 days and none of these revealed any neurologic 
disturbances as a result of the cross-clamping of the aorta. At the time of 
occlusion of the aorta, there was a temporary fall in the arterial pressure dis- 
tally to between 50 and 70 mm. Hg, but recovery to between 90 and 120 mm. 
Hg oecuiied routinely within 2 to 5 minutes. This pressure was maintained 
for the remainder of the occlusion period (30 to 90 minutes). The artei'ial 
pressures proximal to the clamp were elevated 10 to 30 mm. Hg (Fig, 2) 
above the preocclusion level but appeared to have no adverse effect on left 
ventricular activity. Plasma hemoglobin levels were generally elevated to 



a mean value of 142 mg. per cent at the conclusion of the experiments. No 
correlation between the extent of hemolysis and the duration of the bypass 
was evident from the data. Platelet counts were not done routinely but, in 
the animals in which they were carried out postoperatively, they were found 
to be within normal range. Gross examination and histologic sections of the 
kidneys and other viscera of dogs, sacrificed from 10 to 64 days postopera¬ 
tively, were normal, with the exception of the site of occlusion of the aorta. 
In 2 dogs, narrovdng and infiltration with fibrous tissue were seen and, in 
a third, actual rupture of the intima with a dissecting aneurysm was present. 
Following a change in the technique of occlusion, this finding was not seen 
again. 

Seven dogs were' subjected to total aortic 1)3^0388. Two of these died in 
the early postoperative period. The 5 simdving animals showed no neurologic 
or other visceral damage. The general pattern of blood pressure levels was 
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similni’ to those of partial bjTiass, but the i)roximal pressures U'ere constantly 
higher tlian the distal one hj’ 25 to 50 mm. (Fig. 3). There was no evidence 
of loft ventricular dilatation or failure during the 30 to 90 minutes of aortic 
occlusion nor upon the release of the occluding clamp.s at the completion of 
the bypass. 

The sucec.ssful use of this bypass system with the modified Dale-Sohuster 
pump in the experimental animal to maintain distal arterial circulation, and 
to prevent excessive proximal arterial pressure levels vuth possible eonsequent 
left ventricle damage, led to its clinical application. 



FIff 3.—Typical blood pressure cur\c In a total bypass experiment. 


CLINICAL APPLICATION 

A 65-year-old man, with vague complaints caused by an aneurysm of a 
descending thoracic aorta, V'as admitted to Veterans Research Hospital in 
.Tanuai-y, 1958, and after a diagnostic investigation he was submitted to opera¬ 
tion on Feb. 11, 1958. Under general endotracheal anesthesia, the chest was 
opened through a left posterior lateral incision, a large aneurysm of the 
descending thoracic aorta (Fig. 4) was resected and continuity re-established 
with an Ivalon-nylon aortic prosthesis.*^ The distal oireulation was main¬ 
tained by the extracorporeal pump b 3 ’pass from the left atrium to the left 
femoral artery witli the pump just described. During the 56 minutes of ar¬ 
terial occlusion and bj’i)ass, the distal arterial pres,snrc was maintained be¬ 
tween 50 and 60 mm. Hg and the blood flow through the pump averaged 
1,100 c.c. per minute. There was no evidence of cardiac dilatation or failure 
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were followed from 3 to 60 daj's and none of these revealed any neurologic 
disturbances as a result of the cross-clamping of the aorta. At the time of 
occlusion of the aorta, there was a temporary fall in the arterial pressure dis- 
tally to between 50 and 70 mm. Hg, but recovery to between 90 and 120 mm. 
Hg occurred routinely within 2 to 5 minutes. This pressure was maintained 
for the remainder of the occlusion period (30 to 90 minutes). The arterial 
pressures proximal to the clamp were elevated 10 to 30 mm. Hg (Pig. 2) 
above the preocelusion level but appeared to have no adverse effect on left 
ventricular actiidty. Plasma hemoglobin levels were generally elevated to 



a mean value of 142 mg. per cent at the conclusion of the experiments. No 
correlation between the extent of hemolysis and the duration of the bjT)ass 
was evident from the data. Platelet counts were not done routinely but, in 
the animals in which thej’^ were earned out i>ostoi?eratively, they were found 
to be within normal range. Gross examination and histologic sections of the 
kidnej^s and other "vdscera of dogs, sacrificed from 10 to 64 days postopera- 
tively, were normal, with the exception of the site of occlusion of the aoi'ta. 
Iji 2 dogs, narrovdng and infiltration Avith fibrous tissue Avere seen and, in 
a third, actual rupture of the intima Avith a dissecting aneurysm was present. 
h^oUoAAung a change in the technique of occlusion, this finding Avas not seen 
again. 

Seven dogs Avere' subjected to total aortic bjqDass. Tavo of these died in 
the early postoperative period. The 5 survhdng animals shoAved no neurologic 
or other visceral damage. The general pattern of blood pressure levels Avas 


\oI 38 No 2 
August 


PARTIAL AND TOTAL AORTIP BYPASS 


1S3 


similai to those of i)nifnl bjpnss, but the piOMiml picssuies \^cle constantlj 
lughe: tli.m the distal one by 25 to 50 mm tibg i) Tlicic was no eiidencc 
of loft scntiienlai dilatation oi faihiio dnimg tin 30 to 90 niimitcs of aoitic 
occlusion noi upon the icloasc of the occluding cl imps at the completion of 
the bjpass 

The successful use of this bnnss sjstem with the modified Dale Schustei 
pump in the cxpciiment.il animal to mamtuii distal iitciial cnculation, and 
to pieient cxcessiie iiioMiiial aiternl picssuii bids with possible consetpicnt 
left lentiicle damage, led to its clinical .ipplication 



rjg- 3 —TipfcaJ blood pressure otino in a total b^pafes experiment 


CIIMC\L VPILICVIION 

A G5 year old man with a ague complaints caused by an aneuijsm of a 
descending thoracic aoiti, was admitted to Veterans Reseaicli Hospital in 
Januaiy, 1958, and aftei a diagnostic investigation he was submitted to opeia 
tion on Peb 11, 1958 Undei general cndotiacheal anesthesia, the chest was 
opened thiough a left posteiioi lateial incision, a laige aneuiysm of the 
descending thoiacic aoita (Pig 4) was lesceted and coiitinuitj re established 
with an Ivalon nylon aoitie piosthcsis'* The distal cnculation was main 
tamed by the cxtiacoipoieal pump bjpass fioin the loft atiimn to the left 
feinoial aiteij with the pump just desciibed Dining the 5G minutes of ai 
terial occlusion and bypass, the distal aitciial pressure was maintained be 
tween 50 and GO mm Hg and the blood flow through the pump aieiaged 
1,100 c c pel minute Theic was no esidcnee of cardiac dilatation or failure 
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during tlie^ bypass and 260 c.c. of nrine was collected during the procedure. 
Postoperatirely, there was no evidence of neurologic damage and the renal 
function continued to be normal. The patient was discharged in good con¬ 
dition in March, 1958. 



Pig- 4—Preoperatne chest x-rays of the thoracic aneurj’sm ^vhich was resected with the aid 
of the described extracorporeal bypass pump 


DISCUSSION 

From the experimental data obtained, temporary partial or total bypass 
of the aorta by means of an extracorporeal shunt from the left atrium to a 
distal systemic artery with the modified Dale-Schuster pump is a satisfactory 
method of maintaining the distal circulation. Moreover, proximal hyper¬ 
tension did not develop to any severe degree and no detrimental effects on 
the left ventricle were noted. The amount of circulation provided distally 
(flow rates varied with the size of animal) were sufficient to prevent neuro¬ 
logic, renal, or other tissue damage. The method appears to be ideal for by¬ 
passing the descending thoracic aorta. The use of this method in treatment 
of aortic arch lesions is not completely solved. Certainly sufficient circula¬ 
tion around the lesion may be supplied, as demonstrated by the total bjqiass 
group, but the technical problems of supplying adequate and continuous cir¬ 
culation to the brain remain. 

Mention may be made of intimal damage and dissecting aneurysm result¬ 
ing from clamping the aorta. These lesions occurred when the aorta was 
occluded with an umbilical tape and a rubber-tipped glass tube. After chang¬ 
ing to a Potts’ clamp, no further intimal damage was noted. This result is 
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nt \anance ^vlth the finding of Henson and I?oh^ uho found the opposite in 
a study of the effects of diffeicnt aitciial clamps on the walls of the right 
gastioepiploic aiteiy in man IIoMcvei, the essential point is that eaie and 
gentleness are neccssaiy in clamping a vessel, iirespectivc of the tjpe of clamp 
utilized 


su'\iinAii\ 

A modified Bale Schustei pump is descubed, and its use as an evtia 
coipoical pump in the paitial and total bypass of the aoita is lepoited Sat 
isfactoiy distal enculation vas maintained fiom the left atrnim to a distal 
systemic aiteiy inth the aoita occluded eithci pio\imal oi distal to the aoitic 
aich Adierse caidiae manifestations (dilatation oi failuie) iveie not noted 
The usefulness of pump and bjpass system is stiessed as an aid to surgeiy 
of the thoiacic aoita 


RErEBE\CES 

1 Coolej, D A,DeBake 3 ,iI 13, and ilorri*?, G C Controlled Extracorporeal Circula 

tion in Surgical Treatment of Aortic Ancurjsm, Ann Surg 146 473, 1957 

2 Cross, F S, Hiroso, 1 , Jones, R E, HudacK, S S, and Kaj, E B Evaluation of 

a ilechanical Shunt to Bypass Segment's of the Thoracic Aorta Including the 
Arch Surg Forum 6 160, 1950 

3 Dale, H H, and Schuster, EH A Double Perfusion Pump, J Phjsiol 64 356, 1929 

4 De Bakej, IT E, Creech, D, Jr, and Morris, G C, Jr Aneur 3 sm of Ihoracoab 

dominal Aorta Involving the Celiac, Superior Mesenteric, and Renal Arteries 
Report of Four Cases Treated b 3 Resection and Homograft Replacement, Ann 
Surg 144 549 573, 1050 

5 De Bake 3 , M E, Cranford, E S, Coolc 3 , D and Morns, G C Successful Resec 

tion of Fusifonn Aneur 3 am of Aortic Arch With Replacement b 3 Homograft, 
Surg G 3 nec & Obst 105 057, J957 

b Ellis, F H, Kirklin, J W, and Bruvrer, A J Surgical Expenences in the Treat 
ment of Aneur 3 sms of the Thoracic Aorta, Surg Gynec ^ Obset 106 179, 1958 

7 Henson, G F, and Rob, C G A Comparative Studv of the Eifects of Different 

Arterial Clamps on the Vessel V all, Bnt J Surg 43 561, 1056 

8 Johnson, F E, Dowlen, J A, Fillipovicb, O, Hughes, L E, and Hitchcock, C R 

A Method for Replacing tho Aortic Arch in Dogs Maintaining Normal Blood 
Pressures V ith Two Pumps and Avoiding Prolonged Use of an Ox} genntor Pre 
sented at the Forum on rundamentnl Surgical Problems, 44th Annual Clinical 
Congress of the American College of Surgeons, October, 1058 

9 Johnson, J, Kirb 3 ^, C K, and Lehr, H B A Alethod of JlRintaining Adequate Blood 

Flow Through the Thoracic Aorta While Inserting an Aorta Graft to Replace 
an Aortic Aneurjsm, Surger} 37 54, 1055 

10 Kellj, W D, and Alden, J F A Vn«5cular Anastomo‘?is Clamp Allowing Rapid Re 

constitution of Blood Flow, Surg Forum 6 171175, 1955 

11 Kvng, H, and. Shumacker, H B lleebanvc-vl B> Dvmng Thoracic Aortic Cross 

Clamping, J Thopacic Sura 34 48o, 1957 

12 Stranahan, A Allej, R D, Sewell, W H, and Kausel, H W Aortic Arch Resection 

and Grafting for Aneurysm Enipl 03 ing an External Stunt, J Thoracic Sukg 
29 54, 1955 

13 Tnpple, 0, Shields, T W, and Lewis, F J Reinforced Ivalon Sponges as Aortic 

Substitutes (Unpublished data) 



EXPERIENCE WITH THE BECK FINGER-DILATOR 
IN MITRAL VALVULOTOMY 

]mn Jose Perez-Alvarez, M.D., Mexico City, Mexico 

Oince Bailey, in June, 1948, and shortly thereafter Brock and Harken, ini- 

tiated successfully the surgical treatment of mitral stenosis, utilizing 
commissurotomes, or performing the “finger fracture valvuloplast.y,” manj^ 
surgeons throughout the ■\vorM have devised a large A'ariety of knives and val- 
wlar dilators for the purpose of opening the stenotic mitral valve. This is 
partially indicative of the different pei’sonal preferences of each surgeon, but 
it also points out the lack of an ideal instrument with which to perform a 
satisfactoi'y commissurotomy in every ease of mitral stenosis. 

Ideally, everj'’ intraeardiae surgical procedure should be done under direct 
vision. The mitral valve has already been approached in this waj’- in different 
centers, and open heart correction of its lesions has been performed.^ But 
the safety margin of extracorporeal circulation up to the present time, as 
compared with that of the “closed” technique, is too narrow to be used on pa¬ 
tients ivith pure or predominant mitral stenosis. Consequently, in the centers 
just mentioned, the open heart technique has been used to correct predominant 
mitral insufficiency or mitral stenosis concomitant with other congenital or 
acquired lesions, but not to treat cases of pure mitral stenosis. 

Even vdth a sufficientlj^ safe technique of cardiac bypass, there remains 
the problem of those patients on Avhom the valve has been too damaged by the 
rheumatic process to permit its surgical correction, unless a complete valve 
replacement Avith a graft or some kind of prosthesis is accomplished. This, 
no doubt, Avill be feasible in the future, but it is also certain that there Avill 
continue to be operations for pure or predominant mitral stenosis by the 
“closed” technique for a time that certainly aauII not be short. 

In 1953, after having tried different commissurotomes, devised by him¬ 
self or by others, and not finding one completely satisfactory. Dr. Claude S. 
Beck thought of the device and the maneuver Avhich are the subjects of this 
paper. 

It happened Avhile operating on a patient in Avhom the stenotic mitral 
valve had been only partially opened Avith the finger alone. The orifice, from 
Amry small, had been enlarged enough to permit the passage of the index fin¬ 
ger up to the first interphalangeal joint, but it Avould not enlarge any more. 
At that moment it measured approximately 2 cm. in diameter. The idea 
of enlarging the circumference of the dilating finger came to Dr. Beck s 

From the Institute Nacional de Cardiolo&fa de Mexico, Mexico City, M6xloo. 

Received for publication March 2, 1959. 
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mind. For this purpose lie wrapped a length of wet cotton tape around the 
distal phalanx of his finger, and covered this “dilator” with a second glove; 
re-introdueing the finger, so armed, into the auricle, lie passed it forcibly 
through the mitral orifice. Removing the finger from the auricle. Dr. Beck 
had the second glove and the cotton tape taken off, and then proceeded to 
explore the valve once more to obseiwc the results The valvular orifice was 
completely opened, out to the valvular annulus at both commissures, and no 
regurgitation had been produced (Pigs. 1 and 2). 



tlie 'Cotton tape wrapped around the distal phalanx of the dilating anger to form 

2—-A second glore Is used to coter the ddator. 

Since then Dr. Beck has employed the technique described in most of his 
eases of mitral stenosis and, up to December, 1954, lie had operated upon about 
200 patienhs with this pioeedure* 

At the Surgical Service of the Instituto Nacional de Cardiologfa do Mex¬ 
ico, this maneuver has been used since April, 1956 Dp to the end of April, 
1958, 78 patients uith mitral stenosis ucrc operated upon by this technique. 

In some of the.se eases, operative tracings were taken of the left auricular 
pressuie, or of both the lett auricular and ventricular pressures simultanc- 
ouslj', before and after perfoming the vahmlotomy, with the purpose of having 
objective evidence of the effectivcne.ss of the maneuver Iii these tracings, a 
substantial reduction of the left auricular pressure, and of the atiioventriciilar 
diastolic pressure gradient, can be appreciated (Pigs. 3 aij^_4). 
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men/procedure has been used, the enlarge- 
both e orifice has extended to. the valvular annulus, or very near it at 

late“ric f “• "" ““ 

by ivhicl/this LTn. ^ if understand the mechanism 

tL ! force, applied eccentrically in all diree- 

s, concentrates fi-om the points of greater resistance to those in which 



Fig-. 3.—Simultaneous electrocaraiograpliic. and left auricular and ventricular pressure 
tracings, before and after mitral valvulotomy by means of the Beck finger-dilator, in a case 
of pure mitral stenosis. They show considerable reduction of the left auricular pressure and 
also of the atrio\entricular diastolic pressure gradient. A./., left auricular pressure tracing; 
V.I., left ventricular pressure tracing. 



4 _Ti „ g„~g tracings as Pig. 3 in a patient with predominant mitral stenosis and 

mitral insufficiency. A left ventricular pressure tracing vas not obtained after performing 
the valvulotomy because the catheter became plugged. 


tile resistance is lesser, in the moment in which the lattez start to give in, 
and is multiplied at these points until the resistance is overcome. In the case 
of the mitral valve the points of least resistance are the fused commissures. 

Although the latter statement may be a subject for tlieoretica,! discussion, 
and it might be argued that it is possible that the valve may give in at a point 

liponnrip detached from its annulus, the fact is 
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tliat this lias happened iieithei m Di Beck’s patients, noi in tliose opeiated 
upon at the Institute de Caidiologia It is, of couise, necessaij to take some 
piecautioiis in oidei to avoid the oecinience of such accidents Poi instance, 
only a dilatoi of a leasoiiable sue should be used and, in the event of fliidnig 
gieat lesistanoe to its ii.issago thioiigh the oiificc, a few turns of tape should 
be taken off m oidoi to make a smallei one Piogiessivelj laigei dilatois 
iiiaj^ be used in case it is found that the opening has not been sufficienth en 
laigod at the fust attempt 

In only 3 of the 78 patients opeiated upon at the Institute de Caidio 
logia was a small icguigitation (that was not present before the valvulotomy! 
obseived by the surgeon aftci using the tcehiiiquc deseiibed, and none was 
significant In onlv one ease of piedominaiit mitial stenosis with mitial in 
sufficicliej, vias the alieadv present leguigitation slighth ineieased In all 
4 eases this happened at the eomniissuies oi along the valvulai oiifice just 
as happens sometimes when the valve is opened with the fingei alone oi vnth 
a eommissuiotome coiiecth placed at the coinmissuies That is to sav, that 
the slight loguigitation piodueed was due to factois such as pool valvulai 
mobility 01 letiaotion of the edges of the cusps that impaii then eoneot 
coaptation In no case was it piodueed by luptuie thioiigh the cusps—as 
may happen when any cutting instiument is impiopeilj used—oz by separa 
tion of these at then base 

The teehiiique has some limitations, one of them is lepievented by the 
small size of the neck of the auiieulai appendage that makes the intioduotion 
of the dilatoi in the auiicle difficult This difficultv is actually limited to 
those cases of maiked atrophy of the appendage at its base, and specially' those 
in which theie is no visible auiieular wall on which to aiichoi the puise stung 
sutuie AVhen a small auiicular appendage is found, and enough auiiculai 
wall IS available, the puise stung may be extended to the auiicle propel, 
and the same may be done with the incision thioiigh which the fingei is to 
be intioduced, oveicoming the difficulty in this wav 

Anothei limitation is piodueed by the vciv seveie fibiosis of the valve 
In some cases the healing of the ihcuniatic iiiocess makes the valve tissue be 
come Icatherlike, and it lesists a leasoiiable piessuie excited on it with the 
dilatoi It IS then iieeessaiy to stait the opening ot the valve bv means of tlie 
instinmeiital cutting of the commissuies, and then to eomiilete its apeituie 
wuth the fingei alone oi aided with the dilatoi This situation was eneoun 
teied in 4 out of the 78 cases opeiated on at the Institiito de Caidiologia 

Coneeining the laftei, it must be said that m Dr Beck’s expciienee, as 
well as in that of the suigieal gioup of the Iiistituto de Caidiologia, the use 
of commissiuotomes Ins become exceptional, and the gieat niajontv of valves 
that weie lesistant to fingei dilatation alone have been oiitiied bv use of the 
pioeeduie desciibed 

Duiiiig the poiiod 1953 to 1955 inclusive, 359 initial valvulotomies weie 
peifoimed at the Iiistituto de Cardiologia de Mexico, 292 of these weie pei 
foniicd with tilt fingei alone (814 pei cent), and 67 weie done by using 
some kind of eommissuiotome (18 6 pci cent) Piom 1956 to Apiil, 1958, 
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there were 379 mitral valvulotomies of which 280 were done digitally (74 
per cent) ; in 78 eases the Beck finger-dilator was used (20.5 per cent), and 
in only 25 (6.5 per cent) was it necessarj’" to use some icind of eommissurotome. 

From Avhat has been written, it may be ascertained tliat our experience 
is in accordance with that of Dr. Beck, who has stated: “It is my opinion that 
this method of opening the mitral valve has almost eliminated the creation of 
mitral valve regurgitation produced as a complication of valvulotomy. The 
simplicity of this method, and the almost complete lack of danger of pi’odueing 
regurgitation, enable me to recommend it as the preferable method for mitral 
valvulotomy. After I began to use this method I found it was not necessary 
to cut the valve. 

There exist two other limitations that are not peculiar to this technique 
alone, but to every “closed” technique employed to perform a mitral val¬ 
vulotomy; they are (1) the thrombosis of the auricle, and (2) the calcifica¬ 
tion of the mitral valve. They represent, at the present time, practically the 
only causes of death as direct consequence of the operation itself, due to the 
possibility of embolism to vital organs. Rather than limitations, they should 
be considered risks that will have to be taken until it is po,s.sible to proceed, 
under direct vision, to the evacuation of the thrombi or the particles of cal¬ 
cium, or even to the total replacement of the valve when it is foixnd too de¬ 
teriorated to permit its surgical repair. 


SUMMARY AND CONCLUSIONS 

1. The experience obtained at the Institute Nacional de Cardiologia de 
Mexico with the use of the Beck finger-dilator in mitral valvulotomy is herein 
presented. 

2. The procedure consists of enlarging the circumference of the dilating 
finger by means of cotton tape wrapped around the distal phalanx of the 
finger, and forcibly i^assing it through the mitral orifice. 

3. Of the last 379 mitral valvulotomies, 78 patients who represent 20.5 
per cent, have been operated upon tuider tliis procedure. 

4. The use of commissurotomes Avas reduced from 18.6 per cent, in Avhich 
some cutting instrument was used in a previous similar group of 359 patients, 
to 6.5 per cent in the 379 patients operated upon since the use of the Beck 
finger-dilator was started. 

5. The production of mitral regurgitation, that was not present before 
the valvulotomy, Avas minimal, both regarding the number of eases in AA'^hich it 
Avas produced—only 3—and also Avith respect to its magnitude. 

6. The advantages and the limitations of the procedure have been pre¬ 
sented, as well as the ways in which the latter may be overcome. 
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A PLANNED STUDY OF MINIMAL TUBERCULOSIS 


Richmond Douglass, ALD., Edgar Al. Aledlar, N. Stanley 

Lincoln, ALD., and E, B. Bosworlh, A\.P.H., Ithaca, N. Y. 

T his report presents data from a planned study of minimal tuberculosis 
regarded as clinically active, treated by bed rest, cbemotlierapy, and 
I’esections of residual lesions; together y-ith detailed pathologic studies of each 
surgical specimen, and follow-up information. 

The approach to the problem of minimal tuberculosis in this way was 
influenced by several factors. 

1. In the fall of 1951 studies at Biggs Memorial Hospital' of minimal 
tuberculosis had shown that, in the pre-drug era, 1 in 6 patients active at 
diagnosis either had had a relapse of disease or were dead within 10 years. 

2. At the start of this study, there had not been time for evaluation of 
the long-term use of drugs in treating tliis stage of the disease. 

3. The Biggs staff had participated in the original studies of the 
antituberculous drags. While their value had been demonstrated, it was 
recognized that lesions did not resolve eompletcly. 

4. The surgical service of this and other hospitals' had already shown 
that operations on lungs involved with tuberculosis were feasible and not unduly 
hazardous. 

5, One of the authors, Edgar JI. Medlar, had shown in autopsy studies 
at Bellerae Hospital' that in 96 minimal cases the disease was unilateral in 
82 per cent and that in 93 per cent of the reinfection type of disease it was 
localized in the apical and/or posterior segments. This suggested to us that 
such lesions .should be easily amenable to surgical approach. 

6. He called attention to the fact that the group at Sunmount had reported' 
on the excision of 30 localized lesions and had demonstrated the presence of 
necrotic foci. 

7. He had also shown' that any minimal lesion of a size which would be 
visible on the roentgenogram had a necrotic component, which presumably 
would bo the .source of an exacerbation if this occurred. 

8. Great emphasis had been given to the discovery and treatment of 
pulmonai’y tuberculosis in its “minimal” stage, when the disease was considered 
to bo “curable.” The programs that had preHously been devi.sed toward 
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this goal had lacked one essential element, i.c., a documentation of the exact 
nature of the pathologic process present in minimal cases. One of the purposes 
of the present study was to document in detail tlie pathologic features found 
in the tissues resected during treatment with eliemotherapeutic agents. From 
a study of this nature, it seemed probable that the djmamies of the pathologic 
process could be determined. 

The staff decided to study the concept that minimal tubez’culosis he 
considered a surgical problem on the basis that resection of residual necrotic 
lesions would prevent relapses of the disease. It was the aim to include all 
patients classed as minimal active (and which had never been known to have 
more extensive disease), to treat them with antituberculous drugs in the then 
currently accepted manner and to excise the I’esidual lesions. 

Diagnosis was based on a positive tuberculin and an unstable lesion as 
seen in serial x-raj^s. Demonstration of tubercle bacilli Avas not required. All 
patients diagnosed as hardng minimal active tuberculosis Avere included, the 
exceptions being a fcAv who declined surgery. Complete roentgenographie 
studies, including planigrams in all bnt a fcAV, Avere cai’ried out. All 
recognizable foci, inehiding bilateral lesions, Avei’C considered indications for 
proposing surgery. At opei'ation the collapsed lung Avas carefully palpated 
and the location of all lesions noted. An effort Avas then made to excise all 
areas of disease utilizing such surgical approach as Avas best suited. 

The group studied consisted of 104 patients of AA'hom 15 had bilateral 
excision. The operations AA^ere done betAAmen September, 1951, and December, 
1955, inclusive. There Avere 43 males and 61 females, AA-ith 24 imder 20 jmars 
of age, 68 betAveen 20 and 39 years of age, and 12, 40 years of age or OA^er 
(Table I). 


Table I. Resection for Minimal Tubef.culosxs 
Patients by Age and Sex 


SEX 1 

1 age (years) ' 

TOTALS 

1 10-19 

j 20-29 

) 30-39 I 40-49 ) 

50-59 1 

M 

10 

14 

11 5 

3 

43 

P 

14 

25 

18 3 

1 

61 

Totals 

24 

39 

29 8 

4 

104 



Bilateral Patients (included in ahove) 



M 

2 


1 

- 

3 

F 

1 

4 

6 1 

- 

12 


The Diie of chemotherapy varied as the usage of drugs changed, and new 
drugs became available. Sixty patients receWed streptomycin, and para- 
aminosalicylic acid (PAS), Avhile 43 received isoniazid in some combination. 
One patient received no drug therapy. The drugs were used until it Avas felt 
that maximum clearing had occurred. The preoperative. duration of suci 
therapy Avas 4 months or less in 36; 5 to 8 months in 56; and over 8 mon s 
in 11 (Table II). Concentrate negatiAm sputum Avas the rule at operation, 

but Avas not required. 
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TabilIT BtsEtTioN ror Mimmai TiinrKcm osis 
Pi EOPErAiiVE CiiFMOTirEUAr^—104 Patients 


i 


MONTHS 

OF OIIEUOTHEBAPN 

(PREOP ) 

DRUGS 

PATIENTS 

0 4 

58 

8 OR OVER 

SRI* +PASt 

CO 

21 

30 

9 

SRI + INHi 

22 

10 

12 

- 

PAS + INII 

14 

4 

9 

1 

SRI + INH + PAS 

G 

_ 

5 

1 

ms + PZAS 

1 

1 

- 

- 

Totils 

No drug' given 

lOH 

1 

3G 

5G 

11 


•Strcptoinjcm tPira amlnosihcjlie icid ttionlcotlnic add lijdrazldc §P 3 razinaniide 


Postopoiatneh, dings ncie at fiist giicii to covoi tlie leeoien peiiod 
oiih, blit nhen oNCiscd specimens slimiod aicas ot non disease to h.uc occiuicd 
duung duig tlipiapj, the dntgs neie aibitiaiih gncii postopciatneli for -t 
months During this ponod, a giadiiated piogiam of incieasmg actnitj uas 
earned out iiitli disehaigo at the end of 4 months Tiventi eight patients 
liad recened jiostopei ati\ o dnig theiapi foi 2 montlis oi loss 16 foi 3 months, 
‘>6 foi 4 months, and 3 nioie than 4 months following siiigeiy (Table III) 


Tabie III Resection foe Mimmal Tubefi urosis 
POSTOrEF\TI\E ClIFMOTIIEBAPl—104 PlTIEMS 




1 MONTHS OF OIIEIIOTUERAPY (FOSTOT ) 

DRUGS 

PATIENTS 

1 02 

1 3 1 

4 1 

OVEK 4 

SRI + PAS 

60 

24 

0 

26 

1 

sir + INH 

IQ 

1 

6 

12 


PAS + INH 

10 

1 

1 

15 

2 

SM + PAS + INH 

4 

o 


O 


PZA + INH 

1 



1 

- 

Totals 

103 

28 

IG 

56 

3 

No drug given 

1 






The baeteriologie studies showed 25 with positno smeais ot eoneentiated 
sputum, 50 with positnc cultuies of sputum oi gastiic eontents, and 29 
iiegatne on initnl study Pnoi to opciatioii 18 of the 25 had coincrted on 
smears of eoiieontiates 1111110 48 of those positiic on cultiiie had eomerted to 
negatne (Table H'') 


Table IV Resection fof Minival Tubefculosis 
S ruTuit Status 


SPUTUM BEFORE 
CHEMOTHEPAPl 

SPUTUM BEFORE OPERATION 1 

TOT VLS 

t CONO + 1 CULT + ( 

CULT - 1 

Cone + 

7 2 

16 

25 

Culture + 

2 

48 

50 

Culture - 

_ 

29 

29 

Totals 

9 2 

93 

104 


The majoi complications of siiigeii included 5 heniothoiaces, one of which 
was niassne, 3 hioncliial fistulas and 3 others (Table V) The incidence of 
complications decreased as cNpeiience was gained, all responded to therapj 
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Table V. Besection for Minisial Tcjbekculosis 
Major Postoperative Complications 
119 OPERATIONS—11 complications—9 PATIENTS 


Massive liemothorax 2 

Limited hemothorax 2 * 

Empyema 2*“ 

Bronchopneumonia 2^ 

Excessive early air leak 2 

Infected segmental space—bronchial fistula 3 

Total 

Four of these 11 patients also had minor complications. 

*One patient had three complications. 


Transient pneumotlioraees and undue retention of bronchial secretions 
were regarded as minor complications (Table VI). Here again, as surgical 
techniques and aftercare improved, the complications became less frequent. 
There were no operative deaths. 

Table VI. Eesection for Minimal Tuberculosis 
Minor Postoperative Complications 
119 operations—15 complications 


Pneumothorax 10* 

Bentention of secretions in bronchus 4 

_Esophagitis due to antibiotic idiosyncrasy 1 

‘Four patients also had serious complications. 


The time which elapsed between the diagnosis of active disease and 
initiation of chemotherap.v was relatively short. It was less than one month in 
23 and between 1 and 6 months in 43. A longer interval was noted in 38 
(Table VII). 


Table VII. Initiation op Chemotherapy 


time after diagnosis I 

patients 

Less than 1 month 

23 

1 to 6 months 

43 

Over 6 months 

38* 

Total 

104 


‘Among these there were 9 patients with prior hospitalization and later relapse. 


The concept of the therapeutic approach, the program of management, and 
the surgical considerations have been presented. The following section of the 
report is devoted to the pathologist’s studies. 

PATHOLOGIC STUDY 

Canetti'* has stated that; “Contrary to what is usually believed, 
tuberculosis is not a general disease, at least in the usual sense of the word. 
He further believes that the pre-eminence of local factors is clearly illustrated 
by several clinical facts, among them the fact “that many tuberculous patients 
are apparently cured by simple surgical excision of local areas.” 

One of the authors has independently pointed ouV-® that minimal 
pulmonary tuberculosis usually is not a part of a generalized infection but 
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that it is a localized disease which oecui’s predominantly in the superior and 
posterior portions of pulmonary lobes. These locations are mo.st often in upper 
lobes, unilateral, and more restricted in reinfection than in primary disease. 
Wliile that study demonstrated a more complete picture of minimal disease, 
it lacked clinical and I’oentgenographic data for correlation ■with the pathologic 
findings. 

In the present study, all cases -were considered initially clinically active 
and at operation all palpable disease was excised. Not infrequently more 
disease was found at operation than was suspected from chest roentgenograms 
.and, on occasion, lesions wei-e found in areas not suspected preopeiutivel.r. 
In the 104 cases, a total of 119 lungs were explored and the disease excised; 
89 unilateral and 15 bilateral. Because of extensive developmental 
bronchiectasis, a right lower lobe with some tuberculosis was removed in one 
case. In the remaining 118 lungs oiilj’ segments or subsegments were excised. 
The location of the disease excised is sho\m in T.able VIII. In only 4 lungs 
was there an absence of disease in the apieopostcrior portion of an upper lobe 
or in the superior segment of a lower lobe; one of these was in the riglit middle 
lobe, one in the basal segment of a lower lobe, and 2 in the anterior segment 
of an upper lobe. This distribution of disease in the 119 explored lungs tallies 
elosely with the distribution found at necropsy.® These findings indicate that 
as long as the disease remains minimal in e.xtont roentgenologioally, it is 
essentially a localized process. However, in a fciv case.s, quite distant and 
unrecognized endobronehial disseminations may be present. 


Table 'VIII. Reseotiox for MmnitAL Tuberoulosi.s 
Distribution of Excised Disease 


SEGMENTS INVOLVED 

1 RIOHT 1 

IaEFT 

1 TOTALS 

Apicoposterior only 

39 

40 

79 

Apicoposterior + superior 


5 

12 

Apicoposterior + other 

9 

10 

19 

Superior only 

1 

2 

3 

Superior + other 

- 

1 

1 

Other not listed above 

58 

2 

4 

118 


Plus 1 lower lobe for a total of 119 resections. 


The pathologic obsen-ations in the resected specimens were recorded, case 
by case, without reference to either the clinical record or to the tj’po and 
duration of chemotherapy. 

Baeteriologic examinations of the resected material were a minor feature 
in this study. In many instances such baeteriologic examination was deliberately 
kept .at a minimum to .allow complete moi-phologie studies. 

Technique .— 

All specimens were promptly fixed in toto, with a minimum of handling, 
in a 4 per cent solution of formaldelyde. Incision of the fresh specimen was 
restricted to the few cases in wliich baeteriologic culture was done. After 
several day.s’ fixation, the speciiiioiis were sectioned in 4 mm. slices for the 
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macroscopic study. From all specimens the majority of the tissue slices, and 
in many instances all, were processed for microscopic study. Tissue blocks 
were decalcified as need arose. Whenever possible, tissue blocks up to 4.5 cm. 
square were taken. 

Several thousand random tissue sections thus became available for 
microscopic study and a comprehensive idea of relationships and of cellular 
detail was obtained. 

Significant Pathologic Findings — 104 Cases, 119 Lungs. — 

In the prior necropsy studjq® it was noted that with few exceptions 
minimal tuberculosis represented both primary and reinfection disease with 
primary infection predominant in the younger ages and reinfection predominant 
in pei-sons beyond the fourth decade. Both prijnary and reinfection “minimal” 
tuberculosis were encountered in the group presented here. 

In the studj'^ of the pathology, one lone ease showed parenchjmial scarring 
only. All other specimens showed multiple necrotic lesions and scarring but 
with considerable variations both in size and number of necrotic foci and 
amount of sear. There were considerable differences in the ages of the various 
types of lesions not only from case to case but within single specimens. Under 
these circumstances the most significant morphologic features are tabulated so 
as to indicate the frequency with which they wei’e found according to cases 
rather than specimens as follows; 

I. Macroscopic Features—104 Cases 

A. Multiple necrotic (caseous) lesions and 

parenchymal scarring 

1. Necrotic (caseous) component dominant 

2. Non-necrotie component dominant 

a. “Tubercles” predominant 

b. Scarring predominant 

B. Evidence of cavity formation 

1. Open 

2. “Filled in” 

3. Largely scar 

C. Pleural adhesions present 

D. Calcific lesions present 

E. Developmental bronchiectasis 

F. Parenchymal scarring only 

II. Microscopic Findings—104 Cases 

A. Parenchymal lesions 

1. Neutrophilic infiltration in necrotic lesions 

2. “Epithelioid” tubercles 

3 . Keeent pneumonic foci 

4. Parenchymal scarring only 

B. Bronchial lesions . . i • 

1. Bronchial communication with necrotic lesions 

2. Necrotic endobronchial tuberculosis 

3. Squamous metaplasia of bronchial epithelium 

4'. Stenosis (small branches) 

5. Developmental bronchiectasis 


4 

16 


83 

20 


14 

30 

4 


60 

53 

10 

1 


48 


78 

37 

7 

1 


49 

28 

18 

2 

7 
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T]iese data clearly indicate that a pathologic process of considerable 
complexity can be expected in any sizable gg'oup having clinieallj^ active minimal 
pnlmonaiy tnbex’culosis. Witli snch a complex pathologic process it would 
■seem logical to I’egard the element of time as the most important single factor. 
Tlie clinical records reveal that the lesions were removed anj-where from 4 
months up to 10 yeai's after the discovery of the disease. The pathologic 
picture reveals that in the majority of cases the time element is considerably 
longer than indicated in the clinical record. The time factor is so elusive that 
it becomes useless unless one dogmatically assumes that certain characteristics 
denote a certain ago. Such personal opinion is not tenable on the basis of fact. 
Por example, in one specimen the dominant feature may be “epithelioid” 
tubei'cles that vaiy in structure with the presence of only a few small well- 
eneap.sulated necrotic foci; in another, the dominant feature may be necrotic 
lesions of different sizes and appearances with minor parenelijunal scars; in 
another, parench 3 Tnal scars may be dominant with onl 3 ’ a few small innocuous 
appearing necrotic foci; and, in still another, there maj' be a fairl.v even mixture 
of all of these features. With such a variable and complex pathologic picture, 
it seems most difficult, if not impossible, to use a single or a combination of 
several morphologic features as a j-ardstick to determine either the duration 
of the time factor or the effect of any chemotherapeutic regimen. 

This situation is further illustrated by the use of a single morpliologic 
feature. It is well recognized that the endobronchial dissemination of 
tuberculosis requires the liquefaction and the sloughing of necrotic (caseous) 
lesions. In our opinion, the neutrophil tlmough its proteolytic enzj’me plaj’S 
a decisive role in this process. The presence of neutrophils in neerotie lesions 
was noted in over one half of the cases. On the hypothesis that chemotherapy 
might stop the process of liquefaction, tlie cases were tabulated to determine 
whether there was a correlation between the length of time chemotherapy had 
been given and the amount of neutrophilic infiltration of the necrotic tissue. 
To show the variations found, two paii-s of cases will bo cited. In one pair, 
chemotherapy was begun promptly’- after the disease was discovered; in one, 
resection was done after 4 montlis of therapj' and no neutrophilic infiltration 
of necrotic tissue was observed; in the other, resection was done after 8 months 
of chemotherapy and marked neutrophilic infiltration was present in several 
necrotic foci. In the other pair, comparable a.s to relationship of initiation 
and duration of chemotherapy, one .showed no neutrophilic infiltration of 
necrotic tissue, while in the other the majoritj' of the necrotic foci werct 
considerably infiltrated with neutrophils. This difference between cases could 
be attributed to a difference in the manner in which an individual reacts to the 
infection. However, on several occasions, it was observed that in two closel.v 
associated necrotic lesions of similar size and macroscopic appearance one 
would show no evidence of neutrophilic infiltration and the other would be 
considerabl}' infiltrated. The behavior of the necrotic focus, therefore, is most 
unpredictable and no convincing evidence has been obtained to indicate that 
this behavior has been radicallj' altered by chemotherapj'. 
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The illustrations which accompany this paper have been chosen to show 
several important pathologic features which the authors consider to he most 
lelevant to the djmamics of the residual disease process after varying 
combinations and dui’ation of chemothei'apy. Low-power magnifications only 
have been used; to the clinician and the surgeon the features of relationships 
rather than of cellular details arc of greatest significance.. 

Some general impressions which cannot be substantiated by moiT^hologic 
data were gained fx’om this .study. The amount of clearing of roentgenographic 
shadows varied considerably from ca.se to ca.se. In some with considerable 
clearing, the tissue sectioixs showed little residual scanang. It is a&sumed in 
these cases that the major portion of the pneumonic exudate in the recent 
endobronchial disseminations had re.solved vdthout learing any permanent 
damage to the involved area. In those cases which liad an insignificant amount 
of roentgenographic clearing, some .showed a dominance of parenchymal 
scarring, while others showed a dominance of necrotic foci with only a small 
amount of scarring. From this, it would appear that extensive parenchymal 
scars cast roentgenogi'aphic shadows which cannot be clearly differentiated 
from those of necrotic lesions. In this study it Avould have been a correct 
assumption that the residual shadows were due to necrotic foci. 

It was unusual to find “epithelioid” tubercles in specimens removed after 
more than 4 months of chemotherapy, unle.ss there was eridence of recent 
liquefaction and sloughing. The “epithelioid” feature of the process seems 
to disappear fairly promptly under chemotherapy. From the abundant evidence 
of fibrosing of these tubercles, one may a.ssume that the parenclijunal scarring, so 
frequently encountered, represents the healed stage of “epithelioid” tubercles. 

The finding of eridence of cavity formation in almo.st half of the cases 
was not anticipated. No eridence of cavity Avas noted in the usual postero- 
anterior chest roentgenograms. Planigraphj^ revealed suggestive evidence of 
carity in six. The specimens from these 6 showed carity formation in only 
one. None of the open caAdties had a lumen OA-er 5 mm. and it is not to be 
expected that such small caAoties could be identified even bj*- planigraphy. 

Bronchial communication Avith a necrotic focus Avas found, microscopically, 
in 49 cases. Usually this situation Avas obseiwed in a single necrotic lesion in 
a specimen, but in one instance such a situation Avas found in 4 necrotic lesions. 
When it is considered that several thou.sand sections containing numerous 
necrotic foci Avere examined, it is evident that, in tissue sections prepared in 
a routine manner, the finding of a bronchus opening into a necrotic focus 
Avould be infrequent. This suggests either that this phenomenon is unusual or 
that the opening in the necrotic lesion is difficult to locate. To inA'^estigate the 
latter possibility, complete serial sections AA’ere made of 4 neci’otic lesions, each 
about 1 cm. in diameter. In each instance there was a direct bronchial 
opening to the zone of necrotic tissue. In each set of serial sections the bronchial 
connection did not extend through more than 6 consecutive sections 15 /x in 
thickness. Although only a fcAV lesions' AA'ere thus studied, it Avould seem 
reasonable to assume that bronchi are intimately associated Avith mo.st necrotic 
lesions. In our opinion, this is the danger point in imsloughed necrotic lesions; 
it is of microscopic proportions and is difficult to locate. 




Fie 1.—White woman, aee 34. Known calcifletl lesion at age 30. New active lesion, 
age 34 Sputum culture positive INH and PAS 5 months, minimal clearing. Resection, 
segmental plus calcified focus. Old calcified lesion, lower lobe, interpreted as obsolete focus 
of a primary complex. 

Illustrated lesion, regarded as '‘exogenous reinfection," shows predominantly necrotic 
disease such as was present In 33 of the 104 cases Smear from latgc lesion was 2 plus 
fop acid-fast bacilli; culture, negative Lesion show'ed some disintegration of lung tissue and 
neutrophilic infiltration and, In part. Intact dead lung framew'ork (elastic tissue). Other 
features were scattered necrotic lesions of various sizes, rare fibrosing "tubercles." and a few 
scars (XS ; leduced Y;.) 



Fig 2—^Whlte woman, age IS. Piagnosis after hemoptysis Gastric cultures and tuber¬ 
culin positive SRI and PAS C months. Moderate clearing. Resection, segmental 

Illustration shows parenchymal scars, the dominant feature In 16 cases. Interpreted 
ns end stage in liealing of "tubercles” A small, open, sloughing cavity was present in an¬ 
other area of the specimen (not shown). Calcified spot within necrotic focus, upper nafit, 
suggests disease of some duration: parenchymal scarring might have antedated chemotherapy. 
(XlO; reduced W.) 





™ Diapiosed when C months pregnant. Tieatnient started 

after deli%erj. Tuberculin positive, ga.stric culture positive, converted after first month SM 
and FAb 6 months with minor changes In roentgenograms. Resection, segmental, plus two 
hilar nodes. 

Two areas show calcification in well-encapsulated neciosis; two other areas show neutro¬ 
philic infiltration in necrotic center.s, wdiile one necrotic area shows dead lung framework 
(elastic tissue). All have fibrotic peripheries. Lympli nodes showed lesions with calcifica¬ 
tion. Interpreted as primary infection, probably of some duration. Morphologic variations 
shown were encountered not infrequently. (XlO; reduced Vi ) 



ber A'arS.TSrcKS 'SU: 

Fibrotic periphery of lesion, left, w'ell formed—acellular. (XlO. reduced A-) 



Fig. 5.—^^Vhlte woman, age 36. Known calciOc lesion, left lower, 9 years. TubercuUn 
positive Then now lesion, left vpper. Gastric cultures negative SM and JNH « months, 
considerable clearing:. Segmental resection, plus excision calcihc area. 

Lesion had thick, cellular flbrotic pcripherj'’ and necrotic center JieaVily infiltrated with 
neutrophils Direct bronchial opening (arroio), stratified squamous epithelium on adjacent 
flbrotic wall. Bacilli present, although hard to find. In liquefying central portion. Calcified 
area from lower lobe apparently an obsolete primary focus. Upper lobs lesion Interpreted 
os exogenous reinfection. (XlO; reduced U) 



Pig 6 —Same case as show n In Pig. 5 

Shows small open cavity and several adjacent but separate areas of disease. Two 
necrotic lesions, right upper, Imve intact lung framework (elastic tNsue), fibrotlc peripheries 
more cellular than cavity-bearing lesion; they seem to be younger. Belo'V these Is an are.a 
with fibrosing tubercle's, giant cells numerous Similar findings in tissue about cavity Many 
small colonies of acid-fast bacilli in tissue adjacent to and below cavltar>' hole. This of 
interest In view of failure to demonstrate bacilli befoie surgery (XlO; reduced 




Fig. 3.—AVhite woman, age 24. Diagnosed wlien 6 montlis pregnant. Treatment started 
after delivery. Tuberculin positive, gastric culture positive, converted after first month SM 
and PAS 6 montlis with minor clianges in roentgenograms. Resection, segmental, plus two 
hilar nodes. 

Two areas show calcification in well-encapsulated necrosis; two other areas show neutro¬ 
philic infiltration in necrotic centers, while one necrotic area shows dead lung framework 
(elastic tissue). All have fibrotic peripheries. Lymph nodes showed lesions with calcifica¬ 
tion. Interpreted as primary Infection, probably of some duration. Morphologic variations 
shown were encountered not infrequently. (XlO; reduced 1^.) 



Fig. 4.-White woman age 18. Diagnosed after^gative survej^fl^ gTu- 

berculin positive, gastric culture negative. SM and IZMll b moniiib, 

'"‘'"“llSation Shows bronchial t!f?^eVigh^b^i^ifiiu^s ^^^1^1° 




Fjg- 5.—White ■woman, age 3C. Known calcific lesion, left lower. 9 years. Tuberculin 
positive Then new lesion, left upper. Gastric cultures negative. SM and INH 7 montlis, 
considerable clearing. Segmental resection, plus excision calcific area 

Lesion had thick, cellular flbrotic penpherj* and necrotic center heavily infiltrated with 
neutrophils Dlicct bronchial opening (arroto). stratified squamous epithelium on adjacent 
flbrotic wall Bacilli present, aitiiougli hard to And, In liquefying central portion Caiclfled 
area from lower lobe apparently an obsolete primary focus. Upper lobe lesion interpreted 
as exogenous reinfection. (XlO; reduced J.i ) 



p’jg C —Same case as showm In Fig. 5 

Shows small open caMty and several adjacent but separate areas of disease Two 
necrotic lesions. Tight upper, liave intact lung framework (elastic tissue), flbrotic Peripherie*' 
more cellular than cavity-bearing lesion; they seem to be younger. Below these is an area 
with fibrosing tubercles, giant cells numerous. Similar findings m tissue about cavity. Many 
small colonies of aci(l-fa.st bacilli In tissue adjacent to and below' cavilarj’ hole. This of 
interest In view' of failure to demonstrate bacilli befoie surgeiy. (XlO; reduced H.) 
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Diagnosis after surgery. Sputum culture positive. SM 
ana INH 4% months, immediate sputum conversion. Segmentectomy. 

Illustrates fllled-in cavity. Necrotic contents granular. Darker peripheral zone is layer 
of granulation tissue with lymphocytes and monocytes but no giant cells. This represents 
the most common condition in which cavities were found in this study. 30 out of 48 fylO • 
reduced l^.) 



Fig. 8.—White woman, age 44. Diagnosis 1 year 'ifter pleurisy sifread Bed Veit 
concentrate and culture. SM and PAS 9 months (6 ambulatory), then spread. Bed 
and INH added 5 months, slight clearing. Segmentectomy. raviiv 

Illustration from area of cicatrization suggesting almost complete l«ahng ° oilmunU 
but necrotic area in center is unhealed remnant Arrow to right shovs "roncmai com 
cation. Epithelium largely squamous, a constant finding where ulcerated surtacenas neaieu. 
The sizable star-like scar is characteristic of cicatrizing cavities. (XlO, reducea A-) 



Fig. 9—Same case as sho^An in Pig 8 

” ‘ ‘ ea of “spread” shons flbioslng tubercles giant cells, necrotic 

neutrophilic infiltration Arrows to right and left indicate bronchial 
anow indicates bronchus filled with neutrophilic e\udate and no- 
, • nsi\c necrotic ulceration 

This disease considered not o'er a few months old Note is made of (1) spiead of 
disease under chemotherapj, and (2) liquefaction of necrotic lesions after 6 months of triple 
diug therapy (14 months total drug lhciap>) (XlOj reduced \‘f') 



tig 10—^IVhlte woman, age 27 Diagnosis 5 >ears before, treated, rcco\ery without 
drugs Well until 2 months before readmHsion, sj-mptomatlc, x-ra> ^spread Sputum positive 
concentrate and culture SM and PAS S months Conversion after 4 montli'' considerable 
clearing Scgmentectomy 

Illustration shows recent area of lobular pneumonia, o\udatc in alveolar spaces, a mix¬ 
ture of neutrophils monocytes, apd l>nip|ioc>tcs Alveolar walls thickened with leukocjtic 
Infiltration No tubercle*!, giant ccHi* foci of necrosis, or peripheral flbrotic zone This fea¬ 
ture noted in 10 of the 104 evidence that small endobronchial spreads can ofcur during 
chemotherapj. (XIO, reduced J 
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Necrotic endobronchial lesions Avere found frequently and Avere ahvays in 
the smaller bronchial radicles. The ones included in the table AA^ere identified 
by the presence of some bronchial epithelium or small bits of cartilage. Unless 
some typical featui’e of a bronchus is noted, these le,sions remain unrecognized. 
Stenosis of smaller bronchial branches AA'as rarely found; in the tAvo instances 
included in the table, there AA’ere necrotic endobronchial lesions in the distended 
bronchi distal to the stenosis. 

Stratified squamous epithelial metaplasia of bi’oncliial epithelium aa^ts 
noted on scA^eral occasions. This AA'as not uniformly found at the bronchial 
enti’ance to a necrotic lesion nor at the edges of necrotic ulceration of bi’onehi. 
This phenomenon apparently occus only in those instances in Avhich the necrotic 
tissue had been cleanly sloughed and a healthy gi’anulation ti.ssue has been 
produced adjacent to normal bronchial epithelium. It appears to be a constant 
featui’e AAdieneA’er bronchial epithelium groAA^s out to coA'er tlie clean granulating 
bed of an ulcer intimatelj'- associated AA-ith a bronchus. 

COMMENT 

hlinimal pulmonar3'^ tuberculosis is a clinical term AA'hich connotes the 
roentgenographic extent of the disea.se. From clinical data, a patient may be 
considered as actiA'e or inactive and in this study on^y ones Avith actiA'e disease 
have been included. These eases can be diA'ided into four categories: (a) active 
on the first chest roentgenogram eA-er taken; (b) disease of recent origin Avith 
preAdously nomal chest roentgenograms; (c) patients aa'Iio have been folloAved 
for variable pei’iods of time and considered inactive until instabilitj’- of 
roentgenographic shadoAA'S Avas observed; and (d) an increase of roentgeno¬ 
graphic shadoAAAS in individuals AAdio had attained an arrest of disease dunng a 
previous hospitalization. It is evident that the element of time, AA^iich 
considerablj’’ affects the pathologic process, varied greatly from case to case. 
This, in our opinion, is the situation in clinical tuberculosis as a AAdiole. 

It has long been recognized clinieall.A' that pulmonary tuberculosis runs 
a chronic, unpredictable course Avith periods of progression and regression in- 
large numbers of patients. LikeAAUse the value of an.v tAq^e of management of 
tuberculous patients cannot be clearly evaluated until several years have elapsed 
after treatment. 

In the past, pathologists generally have gained their knoAvlcdge of 
pulmonarj'’ tAiberculosis, in large part, at the necropsj" table. Their cliief 
concern has been the determination of the condition Avhich led 1o the demise 
of the individual. Usualljq a general, and sketchy macroscopic description of 
the pulmonaiy .situation is made and only sufficient microscopic study is done 
to substantiate the macroscopic diagno.sis. Usually, little attention is giA^en 
to a limited amount of tuberculosis of the lungs of an individual aa4io has died 
from other causes. The dynamics of tuberculous disease has receiA^ed little 
attention and commonly there is an inadequate attempt to correlate the clinical 
and pathologic data. Generally the Avork load of the pathologist is so great 
that time and assistance are inadequate to permit a painstaking study of the 
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def.iils of the dynnmies ol disease E\eivone has liad to be satisfied if a cause 
of death lias been giien These statements aie made uith no intent of undue 
oiiticism 

These two situations ueic piobablj of little moment until it uas 
dcmonstiatcd that chcinotheiapeutic agents could, in a laige niaioiitj of 
patients, bung the tubeiculosis undei piompt clinical contiol Then tlie hope 
uas eoiccd th.at, uith dings the disease could be “eompleteh healed ” At this 
point p.athologists ueie ashed to dcteiminc ubcthei pathologic facts uould 
substantiate a coneept of “complete cine “ 'Wlicn they lefencd bach to the 
accumulated hnouledgc, tliey found a dcaith of solid facts lelating to the 
subtle details of the djnamics of the disease With leiiciied intciest patholo 
gists and bactciiologists haie embaihcd upon mtensne studies, both moiphologie 
and bictciiologie Coitani fcatiiies iiliicli had not been piciioiisl} documented 
111 full ivcio .attributed to the effect of the chemotheiapeutic agents uithoiit 
siibst.inti.al pi oof of a cause ofteet i cl.ationship 

The picseiit situation is both iin.aioidable and unfoitiinatc foi it has led 
to a eoiisideiablo dncrgeiice of opinion among pathologists and hietciiologists 
This has led to an e\on gieater confusion lel.atiic to the use of dings and of 
suigen The focal point is the ncciotic (caseous) lesion, foi it constitutes 
the majoi poition of the icsocted disease and is the niatoi haiboiei of bacilli 
At piesent, most pathologists legard a noli encapsulated ncciotic lesion, as 
found III laiidom tissue sections, as an innocuous aftaii eien if tubercle bacilli 
aie found iiithin the ncciotic coie In oui expeiience, lesions of this tjpe are 
the most unpiedictable part of the disease process A sufficient study of this poi 
tion of the pathologic piocess has been done to satisfi us that neciotie lesions 
cannot bo adequately undoistood fiom landom tissue sections prepaied in the 
usual loutine m.antioi In oui opinion, the delimiting zone of scai tissue that 
IS laid doiMi betneen the neciotie lesion and the siiiTounding licalthj tissue is 
Natuie’s uaj of protecting the noim.al tissue and theie is scant eiidence to 
indic.ite that this function fails Of much greatei .concern is the Inonchial 
icl.ation to, and the process of, liquefaction of the neciotie lesion Piom oui 
expeliciiec, no aie of the opinion that patulous bionchial communication with 
the neciotie pulmoinii tissue is common, much nioie so than is geiieialh 
.ippieei.itcd This is the weak spot in the proteetne mechanism 

The piocess of liquefaction of the dead tissue is .an enigma Neiitiophilic 
infiltiatioii of the dead tubeiciilous tissue was one of the iiioie common findings 
in the pathologic study of the specimens Usuallj it y\as limited to focal areas 
and. 111 tlic examin.ition of diffeicnt Icy els of .a sizable lesion, the location 
and size of such aiens yyeie yaiiablc In oui opinion, liquefaction of the 
ncciotic tissue is induced, in large pait at least, by' the inyasion and the 
pioteoh tic .iction of neiitiophils If a small aiea of necrotic tissue is liquefied 
neai a bionehial opening then, yyitbout demonstiabic cayitv foimatioii, small 
diibbles e.an oceui into the bionchus and the stage is set for new endobronchial 
dissemination It seems piob.able that the seriousness of this situation would 
be dependent upon tlie niimbci's of bacilli in the sloughing debns 
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Peiliaps the most important feature of this pathologic study has been the 
opportunity to obtain a comprehensive sui-vej’- of tuberculous disease of limited 
extent. Although these cases have been considered as “minimal” on clinical 
gionnds, this diagnosis is purely arbitrary if one considers the valuations in 
the volume of disease. Among these specimens there were found the various 
morphologic features which characterize tuberculous disease as a Avhole: from 
cavities vdiich had largelj', but not wholh’', healed by cicatrization to those ivith 
no evidence of healing; from densely calcified or completely hyalinized necrotic 
lesions to those in vdiich there Avas an actiA"el5' forming fibrotic peripheiy; from 
early “ e2hthelioid ” tubercles u-ithout eiidence of either necrosis, giant cells, 
or fibrosis to fibrotic ones in AA'hich only a rare giant cell Avas noted; from small 
focal areas of lobular pneumonia of such recent origin that there Avere no ear- 
maife to denote tuberculous infection to abundant giant cells in some specimens 
and complete absence of these structures in others; and parench;^Tnal scai-s of 
various sizes AAuth and without lymphocytic infiltration. In some specimens 
practically all of the features just mentioned Avere found. In some specimens 
it Avas apparent that the disease must have been of eonsiderablj- longer dura¬ 
tion than suspected clinically and in others the nature of the disease Avould 
tally faii'lj’’ closely Avith the clinical story. Under these circumstances, it AA'ould 
seem that caution should be used in the interpretation of morphologic features 
and their relationship AAuth chemotherapy because there may be a limit to the 
reliability of these features as an index. The question which arises is Avhether 
Nature carries on Avith the reparative process, as in the era before chemotherapy, 
or AA’hether chemotherapy definitely stimulates and accelerates this natui'al proc¬ 
ess. From the considerable A-ariation noted betAveen cases, it seems more logical 
to credit Nature Avith the healing or non-healing rather than to transfer such 
credit to the chemotherapeutic agents. One feature Avould seem to be un- 
debatable; chemotherapy failed to eradicate either the necrotic tissue or the 
bacilli AAdiieh it may harbor. This problem still remains unsolved. 

This study Avas undertaken Avith tAvo objectives considered of equal magni¬ 
tude. One AA'as to test 'the A'alidity of the concept that minimal tuberculosis 
could be properly treated by a combination of rest and chemotherapy, folloAved 
at the appropriate time by resection surgeiy. The immediate results az’e quite 
satisfactory but long-term foUoAV-up Avill be necessary for full evaluation. The 
other objective Avas to document the moi-phologic pathology in a sufficiently 
large series of patients so treated as to coA-er most, if not all, of the variants 
AAdiieli might be expected. It is hoped that from these data the pathogenesis of 
minimal tuberculosis might become better understood. It is not the purpose 
of this study to infer that surgical remoAml of residual disease during ehemo- 
therapA’' Avas either a necessarj'’ or eA’en a desirable procedure in all cases.^ Pa¬ 
tients require management on the basis of the individual. The djmamics of 
the pathologic process should be carefully Aveighed AAfiiile his constitution and 
the socioeconomic facts are under scrutiny.^ 


*Note: Dr. Medlar's death and the s^tterina of his 

Biggs Hospital have left the preparation, the d t ’^o on^e^^o endeavor to 

o"o'??ifaW ^nec°oncL"?,fs\-lews°S -"'I presumptuous 

for a clinician or surgeon to speak for him. 
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Canotti^ has pointed out tlio fact that iiathologic material hitherto studied 
lias been chiefly from autopsies or surgical specimens removed from patients 
who were not doing well. It is felt that the material reported here is a valuable 
supplement to prior studies in that the surgery was elective. 

It may bo added that Medlar had an opportunity to discuss his field of 
work with Canetti and that it was Medlar’s feeling that they were in c.s.sential 
agreement. Certainly this was true of his attitude toward necrotic residues 
(caseum) and the fact that they are not eradic<ated nor their bacillary contents 
controlled by chemotherapy. Canetli’s two concluding paragraphs include the 
following: (1) “As things are at present, chemotherapy cannot suffice unless 
tlie diagnosis can be established before caseation occurs,’’ (2) "In spite of 
this, the important advances achieved by chemotherapy cannot be overlooked. 
In addition to its own effects, chemotherapy has considerably enhanced the 
benefits of rest, and has made surgical rc.scetion possible.” 

One further comment: It was Medlar’s concept that as regards its necrotic 
component at least minimal tuberculosis is essentially a localized proeess. lie 
felt that any scattered bacilli in other area.s, not “pi-otocted” b.v neci-otic 
(caseous) zones, would succumb to chemotherapy, and that surgical e.xcision 
of the palpable ueerotio foci would i-emove the remaining potential fttture 
threat and in effect “cure” the patient. He had even speculated that reversion 
to a negative tubereulin reaction might be within possibilit.v. The validity of 
this thesis can only be tested by the lap.se of time. 

FOLLOW-UP 

The health status of tliis group of patients following discharge from the 
hospital was felt to be of special interest. A consistent effort was made to 
secure routine follow-up observations. This has been difficult because the 
individuals became widely scattered. However, a significant proimrtion have 
been seen and have had at least an x-ray of the chest (Table IX). 


Table IX. Follow-Up Data 



1 years after resection 

1 1 1 

2 

13 11 1 

5 1 

6 

Patients obsened: 

104* 

2 

18 

27 21 

20 

12 

Lost to follou'-up 

after 






stated year 


2t 

5 

5 2 

It 



•No follow-up—-1. 
tOne death each 5 ear. 


Two have been lost from the group b 3 ’ death, one in the second postopera¬ 
tive year due to bronchogenic carcinoma of the opposite lung, the other in the 
fifth postoperative j'ear, due to gangrene of lower exU-einities. 

There has been one “bactei-iological relapse” with a positive culture re¬ 
ported once in the fourth postoperative j'ear, a finding not confirmed a month 
later, nor on re-examination the next j-ear. 
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One clinical relapse ’ occurred dui’ing the fifth year, in the lung opposite 
to the resection, coincident with tlie finding of recurrent advanced disease in 
the patient’s wife. 


SUMMARY 

A study of 104 cases of minimal tuberculosis treated l).v rest, chemotherapy, 
and surgical excision is reported, together with data from pathologic studies 
of the resected tissue, and a follow-up repoxfi;. 

Bilateral surgeiy was performed in 15, or a total of 119 thoracotomies. No 
deaths I’esulted from the operations. Major complications occurred in 9 per 
cent, and were treated successfully; minor complications in 13 per cent, chiefly 
small temporarj^ air leaks, were followed by full recovei-y. 

Obseiwations on the resected specimens are reported and discussed. The 
outstanding finding was the presence of necrotic lesions in 103 patients, this 
being the dominant feature in 83. Bronchial communication was demonstrated 
in 49, and believed to exist in all necrotic lesions. Cavity formation was demon¬ 
strated in 48; open in 14, “filled in” in 30, and largely sear in 4. Pneumonic 
foci, interpreted as recent bronchogenic spreads, were noted in 10, despite 
chemotherapy. There was no observed con’elation between the duration of 
chemotherapy and the anatomic pathologic features which varied uddely; nor 
was there a demonsti’able causal relationship between chemotherapy and the 
observed features of the necrotic (caseous) lesions, which had not been eradi¬ 
cated. 

The follow-up, although incomplete, gives information on 98 patients for 
2 year's or more, with an average of 4 years. The only known clinical relapse 
occurred in the fifth year. 

Grateful acknowledgment is made to Dr. A. A. Zavaleta for his interest and help in 
tiiis studJ^ 
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RESECTION OF ONE LOBE AND ONE SEGMENT WITH AN 
OSTEOPLASTIC THORACOPLASTY 

Functional Results 

Viking Olov Bjork, Ai.D., and Etic Cailens, Ai.D., 

Uppsala and Stockholm, Siveden 

A coJtPUCATiON ivath infection after a pulmonaiy resection trill reduce 
the fiinetion considerably. In order to avoid a postoperative infection in 
a remaining space, tve have considered it essential to reduce the .size of 
the thoracic cavity, to fit the remaining lung pnrenehjmia, especially in cases 
where such complications are frequent. Resection of one segment, in addition 
to a lobectomy, constitutes an absolute indication for a space-diminishing pro¬ 
cedure. The aim of tliis paper is to report the functional result obtained after 
■ such resections when an osteoplastic thoracoplasty is added. 

TECHNIQUE 

The osteoplastic thoracoplasty is performed ns easily in the face-down 
position as in the lateral position. The first rib may be left in place. The 
posterior portions of ribs 2 to 5 are resected in increasing lengths downward 
and fi-ved posteriorly by nylon sutures through drill holes in the nbs The 
most important technical details to prevent a herniation of the lung above the 
new loof are; 

1. To make the second lib as short and straight as possible, 

2. To incise the second costal cartilage making it possible to place the 
second rib close to the mediastinum. 

3. Tlie fixation of the posterior end of the second rib to the costovertebi’al 
ligament by a nylon suture. 

4. The fixation of the first intercostal mu-scle bundle attached to the 
second rib to mediastinal tissue. 

5. Ribs 3 to 5 are fi.xed by heavy catgut sutures through drill holes in the 
divided ribs and then pericostally around the sixth rib. 

MATERIAL 

Only patients irith a normal contralateral lung have been selected for 
this postoperative study. Ten patients (S lesections on the right and 2 on the 

This A\ork M.as nliled b> The Sttedisli National Association Against Tuberculosis 
Received foi pubJIcation Peb 17. 1959 
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Fjgr 3.— Case 1 X-ray film of a 4o-year-old noman taken S jears after resection of the 
rient upper lobe and the supenoi segment of the right lower lobe plus an osteoplastic thoraco¬ 
plasty The patient is w'orking full time as a housewife 



jr.p- 4 _Case 2 a 42-vear-old man X-ray film made 3 years after resection of the 

ight uimer lobe plus’ the anterior basal segment of the right lower 

acoplasty Thirty-one per cent of the total of the oxygen uptake comes from the nght lung 



Fig 5—Case 0 a 30 year-ol<l woman X-ra> film made 4 >ears aftei- resection of the 
right upper lobe plus the superior segment of the right lower lobe Twentj-flve per cent of 
the total ox^gen uptake comes from the right lung The patient is now working full time as 
a liousewife 



r,|r c—Case 0, a 42 3 ciroId ^^oman X-raj film made 4 jears after resection of the 
left upper lobe plus the superior segment of the lower lobe Tuent> per cent of the total 
oxigen uptake now comes from the leftside as compared with 23 per cent before the resection 
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, , j. 3.—Case 1. X-ray film of a 4o-year-old woman taken 3 years after resection of the 

ngnt upper lobe and the superior segment of the right lower lobe plus an osteoplastic thoraco¬ 
plasty. The patient is working full time as a housewife. 



Fig. 4 
right upper 
racoplasty. 


-Caqp 2 a 42-vear-old man. X-ray film made 3 years after resection of pe 
obe plus’the anterior basal segment of the right lower 

rhirt>'-one per cent of the total of the oxygen uptake comes from the nght lung. 





» 5—Ca'ie 0 a JO->e'ir-ol<.l woman X-raj n|in ni'\<Je 4 jears after resection of the 

upper foho P'U^ the superior aoffment of the rlRht lower lobe Twenty fl\e per cent of 
the total ox>fftn upttke come*! from the right lung The patient Is now working full time as 
a housewife 



. Fjg G—Case 9, a 42 jear-old woman X-raj film made 4 jears Ji/tei 

left upper lobe plus the superior segment of the lower lobe Twentj per ov,|«5^tion 

oxjgen uptake now comes from the left side as compared with 23 per cent ueior 
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left) liave been followed; tlie function was investigated 1 to 4 years after 
lobectomy plus segmental resection plus osteoplastic thoracoplasty. All bronclio- 
spirometric investigations have been performed vdth a Carlens’ double lumen 
catheter. The results obtained are summarized in Table I and sho\vn in 
Pigs. 3 to 6. 


DISCUSSION 


The resection of a segment in addition to one lobe will cause a further 
reduction of pulmonaiy function. Still the remaining function is good enough 
to recommend the continued use of the described technique. The remaining 
basal segments on the left side under an osteoplastic thoracoplasty has re¬ 
sulted in an oxygen uptake of 20 per cent of the total in 2 cases whieli means 
a remaining function of 27 per cent of the normal left lung (calculated ac¬ 
cording to Bergan): 


Reduction in per cent (right) = 100 x 

1 and r = per cent oxygen uptake of left and right lung after operation. 

L and R = per cent oxygen uptake of left and right lung before operation. 


The mean value of the oxygen uptake on the right side after the resection of 
one lobe and one segment under an osteoplastic thoracoplasty was 31 per cent 
of the total or 41 per cent of the normal right lung, calculated according to 
the formula just given. That value means an average decrease of 16 per 
cent of the oxygen uptake on the right lung for the segment resected besides the 
lobectomy, as the mean value in 15 eases after right upper lobectomy with 
osteoplastic thoracoplasty resulted in an oxygen uptake on the light side of 
38 per cent of the total, or 57 per cent of the normal right lung. 

Thus, the reduction in oxygen uptake after lobectomy plus segmental re¬ 
section plus osteoplastic thoracoplasty on the right side was 59 per cent of 
the calculated normal right lung function (52 per cent of the total oxygen 
uptake). The mean value of the measured reduction of this operation was, in 
our eases, 30 per cent of the normal right lung function. The difference of 
29 per cent was due to the destruction of lung tissue by disease before the 
operation. 


SUMJIARY 

The functional result obtained after the resection of one lobe and one 
segment with an additional osteoplastic thoracoplasty is reported. 
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THE EFFECT OF PULMONARY RESECTION ON THE 
COMPLIANCE OF HUMAN LUNGS 

N. R. Fiitiik, M.D.,* A. A. Siebens, and 

/IL Al. New/nan, Al.D.,*** St. Albans, N, Y. 


INTRODUCTION 

T here liavc been several attempts to ■determine the effect of piilmonai'y 
resection on the elastic behavior of the lungs.'"' Mellroy and Bates' found 
that compliance was lower in patients following pneumonectomy than among 
healthy control subjects and thought the difference in elastic behavior might 
be important in the genesis of dyspnea. The same general observation has 
been made in patients undergoing less extensive surgerj’.'’ ^ In the study by 
Gliedman and his associates' volume-pressure measurements were made of a 
single lung during deflation, following distention to volumes above one liter 
of gas; the measurements were made while the chest was open, before and 
after partial resoetion of the same lung. Lategola and co-workers' found that 
removal of portions of the lungs from dogs altered the combined elastic be¬ 
havior of the thoracic cage and lungs to an extent which depended primarily 
on the amount of tissue removed. 

In the present study, the clastic bcliavdor of the lungs was measured in 
patients during interrupted breathing, before and after resection of portions 
of the lungs; each patient therefore sciwcd as his own control. It was expected 
that changes would occur largely on the basis of a reduction in number of 
distensible units participating in ventilation, ouing either to e.\cision or to 
injurj* resulting from the opciatioii. To estimate these changes in lung .size, 
measurements were made of the total lung capacity and its subdivisions. 


One female and 15 male patients, all but 2 of whom had been on active 
duty ivith the ai-med forces, were studied. They ranged from 19 to G4 yeaiB 

^om Uie U S between the OfBce of NjiMil Rcse.arch, Uepartinent 

or the^’JilvI“''?nd'’‘lJ.e"aSe’'^nT,^?,,.y of New Vorh, NRlOn-OS. 

Orient Idaress""'Dcp"rtment of PhjsloloE'. Ilnnard School of Public Health. Boston. 

,, „ Oeonrlment of Poillatrlcs UnKcrsItj of Wisconsin Jrodical School, 
••Present aclciress 

Madison "Wis , Department of Thoncic Surger>. State Uniseisitj of New York. 

CollesV oWicr.;’e!'l?ooKl,n. New Verb „ 
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of age (mean: 33 ± 15). Tlieir pertinent physical eliaractex'istics, diagnoses, 
extent of surgery, and findings in their postoperative roentgenograms of the 
chest are listed in Table I. With one exception, there Avere no serious com¬ 
plications dxiring surgeiy or in the immediate postoperative peilod. The 
exception AV'^as Patient 10 avIio had a basilar empyema on the left side Avhich 
required about 9 weeks to clear. 


Table I. Physical Characteristics and Clinical Data of 16 Patients Undergoing 

Resection of Lung Tissue 



1 

1 


1 

1 


1 

POST- 







SEG- 


OPERA- 







MENTS 


TIVE 


i 

AGE 

HT. ! 

B.S.A.* j 


RE- 

POSTOPERATIVE 

INTERVAL 

NO. 

SEX 

(YR.) 

(CM.) 

(M.2) 

DIAGNOSIS 

ilOVED 

X-RAY FINDINGS 

( WEEKS ) 

1 

M 

39 

183 

2.00 

Granuloma 

1 

E. diaphragm ele¬ 
vated ; r. pleural 
thickening along 

4 








lateral Wall 


2 

1.1 

44 

178 

1.95 

Tuberculosis 

1 

L. diaphragm ele- 

8 








rated; hydropneu¬ 
mothorax, 1. base 


3 

M 

21 

164 

1.90 

Tuberculosis 

1 

Minimal pleural 

7 








thickening, 1. upper 
chest 


4 

M 

24 

180 

1.92 

Granuloma 

1 

Minimal pleural 

2 







thickening, 1. upper 
chest 



5 

F 

37 

168 

1.72 

Granuloma 

1 

Minimal hydrothora-x. 

3 






1. base 


6 

M 

22 

175 

1.86 

Granuloma 

1 

Minimal pleural 

5 




thickening, 1. base 


7 

M 

27 

174 

1.96 

Granuloma 

1 

None reported 

7 

8 

M 

41 

178 

1.78 

Bronchiectasis 

2 

E. diaphragm ele- 

4 



vated; minimal 
pleural thickening, 














r. base 


9 

M 

33 

ISO 

2.01 

Tuberculosis 

3 

E. diaphragm ele¬ 
vated ; minimal 

8 








pleural thickening, 
r. base 


10 

M 

18 

175 

1.81 

Bronchiectasis 

3 

Pleural thickening, 

1. base 

13 

11 

M 

20 

180 

1.86 

Bronchiectasis 

4 

Hydropneumothorax, 

1. base 

8 

12 

M 

19 

183 

1.97 

Bronchiectasis 

5 

Pleural thickening, 

1. base 

19 

13 

M 

25 

170 

1.78 

Bronchiectasis 

6 

L. diaphragm mark¬ 
edly elevated; 

11 








pleural tliickening, 
1. lower chest 


14 

M 

21 

182 

1.88 

Bronchiectasis 

6 

B. diaplixagm mark¬ 
edly elevated; 

9 








pleural thickening, 
r. base 


15 

M 

64 

175 

2.08 

L. bronchial ca. 

8t 

Mediastinal shift to 
left; 1. lung field 
obscured; r. lung 

8 








field normal 

14 

weight for- 

16 

M 

51 

173 

1.97 

L. bronchial ca. 

8t 

•cilpiilatecl 

None reported 
t from DuBois’ lieig'ht- 


'’Preoperative values lor ^ 

mula: Area = weighto’^ x height'’ ’-’ X 71-84. 

tPneumonectomy (left). 
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MFUIOD 

Puhnonniy compliance, an index of the elastic beimioi of the lungs, is 
the lafio of the cliango in \ohinie of the lungs to the change in tianspulmonarj 
picssuic 

, change in \olume in liteis 

compliance = ^- 5 -tj-k 

change in tiaiispulmonary pressure in cm ll-U 

In human beings inti.iesophagcal pressure is customanlj measuied instead 
of intiapleuial picssuie thcrebj aioiding the dangei of punctuimg the lungs 
The foimei moasiiicmcnt offers a reliable index of the pressuie applied to the 
surface of the lungs undei specified conditioas ’ “ 

The method is a modification of tint used by Stead and associates', it has 
been dcsciibcd picvioush ® A miiou balloon, 15 cm long and attached to 
pohctlnlcne tubing,'’ uas jiassed through the patient’s nose to the loivoi portion 
of the esophagus The diffeienee bctucen pleasures in the esophagus and 
mouthpiece nas measuied eonfinuousK by a piossiiie tiansduoer of the in 
duetaneo tj-po * 

The patient was seated bieathing an until respiration became legulai 
Then, at the end of nomnl oxpnation, ho was connected by means of a valve 
to a spiiometei and instructed to inspiie deeply At steps of 250 ml (ATPS), 
a solenoid xalvet in the inspiratoi}' airway a few inches beyond the patient’s 
mouth was closed automatioallj, the duiation of valve closure varied from 
1 to 2 seconds During these intcnuptions of an flow, pressures equilibrated 
quickly thioughout tlie lungs and upper ainvajs so that the oial esophageal 
pressure difteionce was an index of transpulmonary pressure Volume changes 
weie measured with a lotatioiial transducer attached to the wheel of the spirom 
eter Pressure and lolumo signals weic amplified and recorded by a direct- 
writing oscillogiapli t 

This technique permits measurement of changes in transpulmonary pres 
sure during intenupted breathing at known volume inciements of the lungs 
When these variables aie plotted on a giapli, the slope of the line connecting 
the points gives the value for compliance In healthy subjects, this slope is 
appioximatelj lectilmoai over a lange of 0 75 to 125 L, starting fiom the 
functional lesidual capacitj (PRC) In this papei, all values for compliance 
aie based on measiuements nude diinng inspiration vvuthin this lange of volumes 
Punctioinl Ksidual capicitj was measuied with the Dailmg open eiiciut 
oxjgen teclinifiue, a mean value was taken of 2 measurements that agreed 
within 10 per cent of each othei Vital cipaeitj (VC) was lecoided on a 
spirometpi total lung capacitv (TLC) was then calculated from the PRO and 
inspiiatorv capacitv (IC) All volumes vvcie measuied with the patients 
Iving supine and aie expiessed at bodj tcmpeiatiire, ambient, pressure, 
satuiated wutli water vapor (BT PS) 

•Made b 5 Mr Frederick E Wledeman SS Shattuck Street Boston Mass 
tType S2"6 20 110 \olt AC Automatic S\%ltch Companj Orange N J 
JSanborn Co Waltham Mass 
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Limitations of the Techniqxie. —Measurements of pulmonary compliance 
are based on the assumption that gradients of pressure along the surface 
of the lungs are either absent or are small and remain unchanged at differ¬ 
ent stages of the respiratory cycle. Such gradients across the mediastinum 
or within one side of the chest would reduce the accuracy of intra-esophageal 
pressures (and also of intrapleural pressures obtained from a single locale) 
as a reflection of forces applied to the lungs. To tost whether pleural pressure 
gradients are produced by surgery would require simultaneous bilateral 
pleural punctures with measurements of pressure made over large portions of 
both lungs, a procedure not undertaken because of its risk to the patient. 
Although it is likely that some mequalities of pressure did result from surgery, 
we have assumed that thej^ were small. This assumption was supported in 
part by the fact that in the 14 patients for whom postoperative x-ray studies 
taken during deep inspiration were reported, the mediastinum appeared to have 
undergone little or no displacement; this was so even though the mediastinal 
structures showed little inflammatory thickening at the time of surgery and 
were therefore considered to be mobile. In order to reduce tlie possibility that 
measurements were affected primarily bj’- pleural abnormalities, we have included 
only patients Avhose postoperative roentgenograms showed evidence of little or 
no pleural thickening. Pleural thickening as well as adhesions might influence 
compliance both by limiting expansion of the lungs and by creating local rigid 
pockets over the surface of the lungs in which tlie pressure would bo likely to 
differ from that found elsewhere in the pleural space. 


Table II. Pulmonary Compliance, End-Expiratory Transpuljionaey Pressure, and 
Lung Volumes of 16 Patients Before and After Resection of Lung Tissue 



COMPLIANCE 

(l./cm. h^o) 

END-EXriRATORY 
ESOPHAGEAL 
PRESSURE 
(CM. H.O) 

VITAL 

CAPACITY (L.) 

FUNCTIONAL 
RESIDUAL 
CAPACITY (L.) 

TOTAL LUNG 
CAPACITY (L.) 

NO. 

BEFORE 1 AFTER 

BEFORE 1 AFTER 

BEFORE 1 AFTER 

BEFORE 1 AFTER | BEFORE I AFTER 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


0.18 

0.12 

0.14 

0.21 

0.19 

0.19 

0.22 

0.28 

0.10 

0.10 

0.15 

0.20 

0.12 

0.16 

0.17 

0.13 


0.14 

0.12 

0.20 

0.19 

0.19 

0.18 

0.18 

0.09 

0.08 

0.10 

0.15 

0.08 

0.10 

0.07 

0.08 


-4.3 

-5.5 

-4.2 

-3.1 

-5.1 

-5.0 

-4.4 

-4.2 

-7.8 

-3.9 

-7.1 

-3.8 

-5.1 

-3.2 

-2.9 


-4.6 

- 8.0 

-5.0 

-5.2 

-4.3 

-3.4 

-3.5 

-7.1 

-7.9 

-6.7 

-7.7 

-4.6 

-6.3 

-5.4 

-3.7 


4.66 

4,70 

5.44 

4.04 

4.97 

5.49 

5.48 

3.88 

3.34 

4.62 

5.25 

3.51 

4.15 

4.07 

3.93 


4.88 

4.23 

4.10 

2.81 

3.74 

2.82 

3.18 

2.73 

3.20 

4.23 

2.55 

2.80 

2.35 

2.07 


3.46 

2.62 

2.68 

2.32 

2.56 

2.48 

3.34 

1.79 

1.86 

2.45 

2.68 

2.24 

2.77 

4.28 

2.00 


2.53 
2.02 
2.70 

2.32 

2.99 

1.57 

1.63 

2.54 
2.52 
1.88 
2.62 
2.28 
1.28 


7.29 

6.82 

6.92 

5.62 

6.09 

6.89 

7.80 
5.25 

4.36 
6.11 

6.36 
5.25 
5.56 

6.80 
5.48 


6.31 

5.49 

5.78 

5.23 

5.33 
4.17 
3.13 
4.94 
5.78 
4.02 

4.34 
3.70 
3.11 


Mean 

S.D. 


0.166 

0.049 


0.127 

0.048 


RESULTS 

All values lor pulmoiiaiy compliance were based on an average of 3 to 5 
measurements, the factors governing variability ol measurements of compliance 
have been described before.® 
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Indnidual lalues foi compliance befoic and aftei siiigerj aie listed in 
Table II Picopeiatnelj, most oi the gionp liad laliies ivJiich Here HiUun 
a iionnal picdicted lange* Tlie exceptions HCie Patients 1, 9, 10, and 13 
whose eoinphaiice appealed to be significanth loweied as a lesidt of disease 
Studies wcie icpcatcd from 2 to 19 wceivs postopeiatnely (aierage 8 
weeks) 0\ei this peiiod tlie interval betiveeii siuger 3 ^ and time of studj 
boie no appaient i elation to changes in eoinpliaiiee 


CHANGE IN 0- 
COMPLIANCE 
% OF 
CONTROL 

-20 


-40 


NUMBER OF SEGMENTS REMOVED 


1 —Change in compliance expressed as percentage of control Is plotted against 
number of segments remo%ed The broken Hne Is the correlation that ^\oulcl be expected If 
the amount of health} tissue contained in each segment were the same and compliance T%ere 
not affected b} the thoracotom} it’?eif The measurement represented b} the open circle ma} 
be an artefact (see text) 


In geneial, theie was close coiielation between the tall in compliaiiee, 
expiessed as pciceiitage of contiol values, and the number of segments of lungs 
lemoved (Fig 1) f A stiiUuig exception was Patient 7 wliose comphaiiee fell 
56 pel cent in spite of the lemmal of oiilj one segment fiom the light apical 
lobe foi a gianuloma This di-spi opoi tionate i eduction of compliance could 
not bo accounted foi bj an equivalent change in limg volume (Table II), 
moieovei, bioncliospiiometiic studies showed that the coiitiibiition of the 
light lung to total vital capacitv fell onlv 11 pel cent lollowiiig suigei-j It is 
thouglit that the appaiently shaip lediictioii in compliance was piobablj due 
to aitefacts 

Coiiclatioiis vveic also obscivcd when the postopciative clianges (expicsscd 
again as pciceiitages of coiitiol values) m compliance and vital capacity weie 

•The statement is based on tlie prediction formula pulmonarj compliance = 0 003-IC 
y height 0 The standaial deviation for such a prediction Is Mlde ho\ie\cr being +0 03o 
Ij/» m HO* 

tThls correlation probabl} reHccts the amount of liealth} tiss rather number 

of «egments remoied 
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compared (Pig. 2), as well as when the changes in vital capacity were compared 
with the number of segments removed (not illustrated). 

In general, the PRC was reduced and the end-expiratory traiispiilraonary 
pressures became more subatmospheric (Table II); the extent of such changes 
apparently did not correlate Avell vdth changes in pulmonary compliance. 


CHANGE IN VITAL CAPACITY-' % OF CONTROL 


^20- 

+ Q 

-20 -40 

» ■ i 1 

-60 

1 

CHANGE IN 

• 


COMPLIANCE I 

• 


% OF CONTROL 

• 


-20- 

• 

• 

• • 

1 • 


-40- 

• • 

O 


-60- 

• 



Pig". 2.—Changes in compliance and vital capacity are plotted against each other, both 
expressed as percentage of control. The measurement represented by the open circle may be 
an artefact (see text). 


D1SCUS.SION 


The patients in this studj^ shmved a reduction of piilmonaiy compliance 
roughly proportional to the amount of tissue removed. Pig. 1 compares the 
reduction in compliance Avith the change that might have been expected if, 
before surgeiy, each segment of the lungs contained an equal amount of 
ventilating tissue and, folloAving surgeiy, there Avas no interference AAdth ventila¬ 
tion of the remaining segments. The.se a.ssumptions cannot be accepted com¬ 
pletely. But the fact that the differences betAvecii observed and expected 
changes were random suggests that the thoracotomy itself had little effect on 
the measurement. It should he emphasized that changes in compliance yveve 
generallj’ small compared A\dth those seen in disabling cardiac^®"’'’ or gran- 
idomatous diseases of the lungs.'® Although the data Avere insiiffieient to calculate 
AAmrk of breathing, it is expected to liaA'o increased signifieantlj' among patients 
undergoing more extenswe surgery.' Because of the difficulty of eA’^aluating 
disability, no attempt Avas made to relate it to measurements of compliance. 


‘The combined flow resistance of the thprlbv 

following pneumonectomy than in healthy control .subjects,’ therebj contributing to tne tena 

ency for an increase in work of breathing. 
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Tlie most ob\ious ■i\a} bj ubich lesection of tissue maj affect the elastic 
behavioi of tlie romaming htiiff is to i educe the number of units paitioipating 
in ventilation In the absence ot snigciy, othei ciiciimstances nliich lediieo 
the effecti\c size of lungs b> infiltration, collapse, oi obstiuction, will have a 
coiiesponding effect on pulnionaij compliance Natiiiallj, the lediictioii in 
compliance aftei suigeiy will be exaggciated if poitions of the lemaining 
lung aie unable to expand because of aiiwav obstruetion, changes in mobilitj 
of the thoiaeio wall, oi pleuial icaction and thiekening 

Compliance is usualh expicssed as the latio of changes in volume to 
changes in piessuie in the lange ol tidal bieathing, staiting from the FRC 
Since these v'olume piessuie relations van at difteiont levels of inflation, it is 
also useful to lelate measuicmeiits of eomplnnee to the total vohuiie of gas 
111 the lungs This has been done in Pigs 3 and 4 in which the veitieal axis 
lefera to total volume of gas in the lungs and the hoiizoiital avis lefore to 
tianspulinonai 3 piessuie, the volume at the lowest point on each curve is the 
me The latio of the PBC to the eoiicspondmg tianspulinoiiaij piessuie 
IS an index of the ovoi all compliance of the Imigs hcloiv the lange of volume 
at which spontaneous bieathing oceuis, that is, between the volume and pres 
suio at end expiration and ?eio volume, /eio piessuie Tlus latio giv^es in 
foianation about the elastic heliavioi of the lungs which is not obtained fiom 
measmemont of the PEC alone Following suigciv, the latio fell among 12 
of the 14 patients fiom whom such data wcio obtained (Table 11), usuallj 
owing both to a dcoteaso in PRC and an incicaso m distending piessure The 
loduotion of PRC postopeiativelj cannot he iclated in a simple way to the 
numhci of segments lemovcd, foi there is evidence that the gas volume of tlie 
lemaining tissue ehanges with time" Also, thcie is no leliable means 
of estimating to vvh it extent the volume of individual an spaces maj' he modified 
following suigeiv Ilowevoi, if esophageal piessuie is assumed to be a valid 
index of pleuial piessuie, peituient infoinntion on changes affecting an 
spaces becomes available The esophageal ])iessuie enables us to follow 
accuiately anj change in the stress applied to these units For example, the 
data of Patient 13 in Pig 3 show that tianspulmonaij piessuie (stiess applied 
to individual air sacs) compared at the extiemcs of tidal bieatlmig was onlj 
slighth changed at the time of studj follow iiig resection of C segments Despite 
the leduetion in PRC postopeiativelj, the volume of individual units is theie 
foie not likelj to have changed significantly In geiieial, hovvevei, it was nioie 
common foi tiaiispulmonaij piessuie to iiiciease following such extensive 
suigeiy An exunple is Patient 14 whose data aic shown in Pig 4 Befoie 
suigciy, aveiage end expiiatoij and end iiispiiatoij ti mspiilmon uj pressuies 
were 51 and 9 2 cm HjO, following surgcij tlicv changed to C 3 and 12 0 
cm H-O Had the lattci piessuics been applied to the intact lungs hefoic 
surgerj, the total volume of gas m the lungs dm mg spontaneous bieathing 
(on the basis of the volume piessuie cuive) would have ranged fiom approxi 
matelj 3 0 to 3 9 L, lather than fiom the actual values of 2 8 to'3 4 L It 
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follows that the volume of individual units also would have been greater. On 
the same basis, it may be assumed that postoperatively there was an increase 
in volume of the remaining units of tissue with respect to their volume pre- 
opeiatively. To what extent tlie increased stress and accompanying change 
of volume may in time alter the mechanical function of adult human lungs is 
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Pig. 3.—Total lung volume is plotted against transpuimonary pressure before and after re¬ 
section of 6 segments. The heavy line indicates tidal volume. See text for details. 


LUNG 

VOLUME 

LITERS 



Pig. 4.—See Fig. 3. 


not certain. Rienholf and his associates,” 6 months following pneimonectomy 
in doo-s, could find no histologic evidence of damage to the elastic tissue or 
to other structural components of the alveoli. Longaere and Joliansmann 
did find a reduction in transpulmoiiaiy pressure of the remaining ^ 

dog 4 years after pneumonectomy and concluded that the elastic recoi o le 



V:;. Nr ’ ZrrECT OF BE5ZCTIOX OX COSIPLIAXCS OF I.rXG5 

Acr-*--. 

luDg liad diminished. Xo measanenienis of -roltimc -n-ere repcinc-o. 
the description of the hm;: at anlop^ sMsests that its Nosame had 
sisnifieantip during- the interval. 

SmtM.tr.T .VNP CONCLf-SIONS 

Pulmonaty compliance was measured in 16 pasieni.s heiore and aner 
partial resection of the lungs. The measurements were' made daring inlerraptc-d 
breathing -nrhUe the patients were seated: intraesophageal pressure was used 
as an index ox the force applied to the surface of the lungs. It was found 
that the pro- to postoperative change in compliance, expressed as pc-rcentage 
of control value, eorrelatfd closely -nith the nnia'oer of segments o: tissue re¬ 
moved. Almost as close was the correlatiou he-tween changes in C'ompliance 
and vital capacity. In getic-ral. the FKC was xedttceil folio-wing surgery while 
intraeistphageal pressure bf-eamc- more subatmcispherie. The reduction in 
compliance -was a-scribed to reduction in number of elastic itntls rarrieipating 
in ventilalion. 

The a'jtior? are cc*pty lEiicbod :o Pr. .t, JJ«.3 aa-i IV. J. I* Whbicaou-gcr cf 

Bcj-anrccat of Ply?:ot'>gj--, liarrard tscl'cc] of Palof HcaJA. f’*r Aclr svj- 

gost 30 C 5 ir j-rojiariaa -ryr. rsfriot. 
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MALIGNANT PLEURAL MESOTHELIOMA 


A Case Report With Autopsy Findings 

D S Ka/jii, Ai D , A Gla), F R C P (C), and P Aladoie, 

F R C S (Ed ), Alontieal Canada 

P RniAR\ malignant tumois of mesothchal lined stnictuies aie e\cccdingh 
laie, and indeed, theie is eonsidciable eontioieisy as to «hothei piiinai’j 
tumois of these spaces do oceui Godum,’ Tobiasscn," and McCaugliei^ have 
lecenth published compiebonsnc lepoits iciiOMiiig the liteiatuie and tlieii 
peisonal expeneiiee iiith these tumois The picsent lepoit deals uitli n patient 
m uhom a tumoi of the paiietal plcuia uas diseoiercd incidentalh befoto am 
siinptonis ascnbablo to it bad occinicd The tiiinoi uas ahoadj too e\tensiie 
for complete lemoval and the patient died one icai latci duo to iwdespiead local 
gioMtli This case illustiates uell the lanation of histologic stniotiiro that can 
oceui m malignant plouial tumois and is one iiioie esamplo in uhich the 
eudenee appeals to be eonelusiic that the tuiiioi aiose as a pumaii neoplasm 
in the pleuial caiiti The lepoit also contains a biief annhsis of the eon 
tioiei-si suiioiiiiding these tumois 

CASF RFPOm 

St Slants Hospital, No 47<>0 A 43 > car old uhite man 'idmitted to St 
Hospital in September, 1055, for investigation of an abnormal shadou found on x rav 
studies of the chest Three dn^s previously wlulc viorking he had felt an acute pain in 
his left chest Itoentgenograius of tho chest in the outpatient department revealed a 
vertical nonpathologic fracture of the posterior arc of the tenth left nb and a discrete 
shadow m the nght lung field The patient’s general health had been good and except 
for tho left chest pain he had no complaints The fnmilv, environmental, and pa'^t hisiorv 
were noncontributorv 

Physical examination revealed no abnormal findings except tenderness over tho tenth 
left nb posteriorly, and a positive "spring test” Temperature pulse, and respiration were 
normal The blood pressure was 130 systolic, 80 diastolic 

Examination of tho blood revealed normal values Urine annhsis was negative 
Sputum culture for routine pathogens and for acid fast bacilli, and t-vtologic exannna 
tions of the sputum for malignant cells were negative Poentgcnographic examination 
of the chest (Figs 1 and 2), on adnijssion “iliovvcd a homogeneous slmdow, 5 cm in 
diameter, located iienpherally in the right lung field at tJic level of tlio fourth interspace 
Tho shadow was pyramidal m slinpo with a broid base pcni>herilh It was shnrjdy 

From the Departments of Patholos> Radlologv anti Surtrerj St Mar^ s Xlcmorial Hos 
pital and the Department of Patholo^rj AIcGlII Universitj xiontrcal Canada 
Received for publication Jan 2** ISS*! 
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demarcated. A few linear opacities were present between the shadow and the right 
costophrenic sinus. Bronchography and diagnostic pneumothorax showed that the shadow 
was not related to the bronchial tree, lung parenchyma, or visceral pleura. Bronchoscopy 
revealed normal findings. A gastrointestinal series, barium enema, and intravenous pyelo- 
gram revealed normal findings. 

A right riioraeotomy was performed through the sixth intercostal space. A sessile 
tumor, 5 cm. in average diameter, was found on the parietal pleura at the level of the 
fourth interspace in the midaxillary line. The tumor was firm, slightly movable over 
the underlying subpleural structures, and had a nodular surface. The visceral pleura 
was adherent to the surface of the tumor by fine adhesions. No mass or tumor could be 
palpated in the visceral pleura or in the lung. A number of small discrete nodules were 



Fig. 1. 


Fig-. 2. 


Fig-. 1 .—Pieoperative roentgenogram of chest combined with bronchogram and diagnostic 
pneumothorax. The compressed right lung is outlined by the dotted line. A peripherally 
located tumor shadow is present in the right lung field. This does not follow the collapsed 
lung and does not distort the bronchial tree. 

Fig. 2.—Preoperative lateral roentgenogram of chest. A tumor shadow is clearly seen 
midway between the sternum and veitebra in the mid-thorax (/’). Tim diapliragmatic 
nodules are visible in the anterior cul-de-sac (/'/'). A small amount of pleural effusion is 
present in the posterior cul-de-sac (1). 


present over the diaphragmatic pleura and inferior pulmonarj’ ligament. There was no 
obvious lymphadenopathy. A block excision of the large tumor, together with the under¬ 
lying segments of the fourth and fifth ribs, was performed. The pleural seedings were too 
extensive for complete removal. The postoperative course was uneventful. Review of the 
preoperative roentgenograms showed a small shadow in the right costophrenic sinus (Fig. 
2) corresponding to the diaphragmatic nodules. The patient was discharged after 5 weeks 
to be followed in the outpatient department at monthly intervals. 

He returned to work and was in good health with no complaints until August, 19o6. 
Roentgenograms of the chest taken in July were unchanged from the postoperative films. 
In August, he complained of some exertional dyspnea and of stabbing pains in the mid¬ 
portion of the back. The pain and dyspnea gradually became more severe, necessitating 
veadmission. to hospital on Sept. 21, 1956. Physical examination revealed the patient to 
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be poorly nourished, slightly cyunosed, and in respiratory distress. There was dullne'^s 
to percussion over the entire right cliest. He was afebrile, but had a rapid, irregular 
pulse of 100 per minute. The hemoglobin content of the blood was 10 grains per cent 
and the white blood count w«s 17,300. JtoeuV^otwgrams of the chest (Fig. 3) showed a 
large mass occupying the lower half of the right lung field, the upper limit of which 
was sharply demarcated and slightly convex upward. A small j’leural effusion was 
present in the lateral part of the right upper liemithornx. The body of the eleventh 
dorsal vertebra was slightl}- wedged, and structural changes suggested metastatic in¬ 
volvement, The patient’s condition gradually voisened and he died on Oct. 2, 19 jG. 



Fiff. 3.—Postoperative (S month) loentgono/riam of the cliest. A large tumor occupies 
the lower one half of tlie right lung fleJd. A homogeneous shadow along the right axillary 
line indicates pleutal effusion. 

Tathotogic Findings .— 

1. Surgical specimen (S.55-]577)r Two C cm. long segments of rib ^\ero covered on 
one surface by parietal pleura. Prom this surface a jiDhpoid tumor, 5 cm. in average 
diameter, was raised 3 cm. aliove the level o€ the surrounding pleura. On cross-section 
(Pig. 4) the tumor appeared to bo circumscribed and localized. Histologic examination 
showed the free surface of the tumor to be covered by dense collagen. The tumor con¬ 
sisted of largo regular cells, with a central nucleus, and a largo rim of eosinophilic cyto¬ 
plasm (Fig. 5). In some areas, the cells were arranged in cords and trabeculae, in otlicrs 
they lined small clefts or tube-like spaces, sometimes uith papillarj' infoldings (Pig. C). 
A few of the colls contained vacuoles. The cells wore supported by a loose reticular 
stroma. Ifitotic figures wore not found. The tumor, although not encapsulated, did not 
Iienotrate as far as the poriostetim of the ribs and did not invade the tissues of the 
intercostal space. The pathologic diagnosis was mesothelioma, right parietal pleura. 

2. Autopsy (A.56 D4): (a) Gross examination: The greater portion of the right 
hemithorax was occupied by a large mass (Pig. 7) which was continuous with the 
diaphragmatic pleura and the parietal pleura of the lateral wall. In the upper part of 
this hemithorax, a small pleural space, containing 200 c,c. of clear fluid, remained. Small 
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umor nodules were scattered over the right mediastinal pleura. The upper part of the 
arge mass was compressed lung covered by unremarkable visceral pleura. When the 
mass and lung were removed, a sheet of tumor tissue was found covering the posterior 
parietal pleura. The lung and attached mass weighed 1,700 grams. Section through this 
(Fig. 8) showed the lung to be completely atelectatic and displaced toward the hilum by 
the tumor which measured 20 by 20 cm. There was a line of demarcation between the 
lung and the tumor, which did not aiipear to invade the lung parenchyma. No enlarged 
lymph nodes were found. The bronchial tree showed no tumor or ulceration. Tumor 
extended from the layer found on the posterior parietal pleura into the right eleventh rib 
and the body of the eleventh dorsal vertebra. 

The left pleural cavity was free of adhesions or excess fluid. There was a healed 
fracture of the tenth left rib. The left lung wmighed 650 grams. There was one 0.5 cm. 
nodule on the visceral pleura of the anterior part of the upper lobe. The parenchyma 
of this lung showed congestion and edema but no gross evidence of tumor. There were 
small gray tumor nodules scattered over the pericardial and epicardial surfaces but the 



Pig. 4.—Resected tumor and rib. The tumor has been bisected showing its apparent circum¬ 
scription. 


pericardial sac did not contain excess fluid. The lieart weighed 325 grams. Section 
through the epicardial nodules showed invasion into the myocardium. One nodule ex¬ 
tended completely through the mj-ocaidium to form a small polypoid mass projecting into 
the left ventricle. The peritoneal cavity was normal except for a 2.5 cm. tumor nodule 
on the parietal peritoneum, and a smaller nodule on the serosa of the mid-jejunum. There 
was no other significant gross finding, although all organs were carefully examined for 
evidence of a small, primary tumor. 


(b) Microscopic findings: Tumor was present in all areas noted grossly and in 
addition there was a small metastatic tumor nodule in tlie left adrenal cortex. Tumor 
encased the right lung but did not appear to invade into the parenchyma. The tumor 
showed a basicallj’ sarcomatous pattern (Fig. 9) -with fusiform cells arranged in inter¬ 
woven fascicles and supported by a small amount of fine fibrillar stroma. Mitotic figures 
were frequent. In some areas the pattern varied, the cells being larger, less fusiform, 
sometimes multinucleated and occasionally vacuolated. A few areas resembled those in the 
surgical specimen, with cells lining clefts or tubelike spaces (Fig. 10); this pattern was 
found predominantly near free surfaces. 


Pathological diagnosis: Diffuse mesothelioma of the right parietal pleura with exten¬ 
sion to the right visceral and mediastinal pleura, pericardium, epicardium, myocardium,^ endo¬ 
cardium, left visceral pleura, eleventh rib, eleventh dorsal vertebrae, parietal and visceral 
peritoneum, and metastasis to the left adrenal gland. 
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rie 6 

Fig 6—Photomicrograph of tlie surgical specimen showing clefts and gHnd-likc spaces 
lined by eplthellum-llkc cells (Hematoxjlln and eosin, yiOO reduced ) 

Fig B—^Photomicrograph of surgical specimen showing tubes of largo eplthellum-llke 
cells and a few clefts (Hematoxjlin and eosin, y200, reduced Vt j 
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Fig. 7.—Photograph of tlie thoracic contents at autopsy. A large mass (T) occupies 
the major portion of the riglit Iiemitliorax. TJie compressed right lung [L) is seen above 
this. Tumor nodules can be seen on the epicardium of the heart (7T) and on the mediastinal 
pleura and pericardium (P). 



Fig. 8.—Photograph of bisected tumor mass (T in of®®thl‘^ptotoCTaph° 

ight lung is at the top and the diaphragmatic sw^ace at the ^ottom of the pnotograp 
'here is a sharp line of demarcation between the tumor and the lung. 
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Fie. 9. 



FJff. 9.—Photomicroeraph of tumor at autopsy showing sarcomatous pattern. (Hema¬ 
toxylin and eosln; X200; reduced Yi.) 

Fig. 10—Photomicrograph of tumor at autopsy. jVn aiea near a free surface In which 
the pattern resembled that seen in the surgical specimen (see Figs. 5 and G). (Hematoxylin 
and eosln; X200 ; reduced 
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DISCUSSION 

^ Stout^ has proposed a division of primarj^ tumors of mesothelial lined 
cavities into (1) a solitaiy fibrous variety, benign or malignant, and (2) a 
dilfuse malignant Amriety. The solitarj'' fibrous Amriety they described as being 
sharply circumscribed Avith the benign tj^pe being pedunculated, and the malig¬ 
nant tj'pe having a broad attachment to the pleura. Histologically, both sub- 
t3y)es of the solitary Amriety have a fibrous structure, the malignant tjTie being 
more cellular and less differentiated. The dilfuse malignant Amriety appears as 
a diffuse nodular pleural thickening AAdiieh spreads AAudely and rapidly to inA’^ade 
the adjacent tissues and AAdiicli may penetrate the diaphragm to invade the 
peritoneum. It almost neA’^er metastasizes. This Amriety shoAvs a varied histo¬ 
logic structure. It may consist predominant!}’- of spindle cells resembling a 
fibrosarcoma, predominantly of epithelium-like structure, AA’ith SAvollen cells 
arranged in cords or lining tubes, or it may consist of a mixture of the tAVo. 
The fact that the localized A’ariety may at times haA’e a histologic structure 
similar to the diffuse reduces the possibility of ahvays achieA’ing a sharp dis¬ 
tinction betAveen the tAvo groups. 

The present ease illustrates some of the pathologic features of the malig¬ 
nant variety of pleural tumors, although it is difficult to classify it as to 
solitary or diffuse. The surgically removed siAecimen gave rather a false im- 
pi’ession of benignity. The tumor Avas raised above the pleural surface and 
seemed sharply circumscribed. Histologically, it had an epithelium-like stimc- 
ture Avith cells arranged in tubular and papillaiy fashion. There Avere no 
fibroblastic or sarcomatous features. At autopsy, the tumor shoAved a pre- 
dominantl}’’ sarcomatous pattern Avitli only rare foci of epithelium-like stimc- 
ture, usually in relation to free siirfaces. There Avas Avidespread invoh'ement of 
adjacent structures, evidence of spread through the diaphragm, and one 
microscopic metastatic focus in an adrenal. 

The tumor Avas discovered incidentally before any sjouptoms had appeared. 
Combined bronchoscopy and diagnostic pneumothorax clearly demonstrated 
the extrapulmonaiy location of the lesion. In spite of this presumably early 
stage, the tumor had spread to the diaphi-agmatic pleura so that, at exploration, 
total removal Avas not considered feasible. For 9 months after operation the 
patient’s general health remained good and chest roentgenograms shoAved no 
change; during the last 3 months of life, the tumor giwtli, as far as can be 
judged by the roentgenograms and autopsy findings, must have been extremely 
rapid. The cause of the changes in the groAvth rate of tumors is unknoAAui.'^ 
The sui'gical procedure seems too remote to be implicated, although sui ger} 
has been accused of accelei'ating the rate of spread of pleural tumors. The 
really significant feature of these tumors is tlie extent of their local groAvth and 
the paucity of metastases; in the present ease, although the tumor had groAvn 
into the cavity of the left ventricle, the only distant metastasis Avas microscopic. 
The poor survival rate, only months from the onset of symptoms in most cases, 
and the rarity of distant metastases, coupled AA’itli the failure of chemotherapy 
or radiation therapy to affect these tumors, indicate, Ave believe, that as radical 
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a suigical pioeeduie as techmcalh feasible sboiikl be perfoimed in tlie hope 
of sah aging an occasional patient In the picsent case, a pleniopneumoneotomj 
might ha\ e offei cd this man a bettei chance 

The contioveisj' conceniing the oiigm of plenial tumors eoiiteis aioiind the 
necessity of explaining the two tiTies of tissue, epithelial and fibions, sometimes 
found in those tumors To exiilain this dualitj, an oiigin fiom the lining laiei 
of coelomie eaiitics, the niesothelium, uas suggested'' Coelomic caiities aiise 
tiom the splanchnopleuie, a combination of the entodeiin and splanehnie 
mesodeiin’ It has been postulated tliat the lining laiei is a sepaiate distinct 
laiei using fioni entodenn domed cells Theie is, howeiei, a difteience of 
opinion as to whether the lining lajcr in coelomie eaiities is lealh a sepaiate 
laioi distinct fioni its siipoiting connectne tissue Those who feel that such a 
lijei does exist liken it to epithelium and feel that a specific tuiiioi can aiiso 
fioin it' ‘‘ Those holding the opposite \iew belieie that the lining laiei meieh 
lb a flattening of the flbi oblasts of the supporting eonnectiie tissue and 
natuialh deiij that any tuiiioi can aiise fioni what thej consider to be non 
existent'’ Embijologieal data and lesults of tissue cultiiio studios haie been 
cited as eudonce foi a distinct mesotlielml lajei but aie fai fioiti concliisiie 
Expelimental evidence conceiniiig a nicsotliolial lajei is coiitiadietoiv "Wil 
hains’ studied the healing of wounds of the pciitoneiim in labbits and con 
eluded that the lining lavei le foinis fioni the imdeiljnng siippoitnig conneetivo 
tissue, while Camoion and his eo woikcis^” studied the healing of the peiitonoum 
in lats and felt that the lining lajci icgeneiatcd fioni clumps of “inesothelicil” 
cells implanted on the wound suiface fiom the suiioiindiiig peiitoneniii Ex 
peiimonts on the sjnovial membiaiie,*' ’* which nioiphologicalh leseinbles the 
pleiiia and pciitoneum, suggest that it does not have a distinct lining mem 
biane, but that the svmovial lining cells are foimed fiom the undeiljing con 
nectivc tissue It would thus appeal that at pieseiit theie is insiifiicient cvi 
deuce to state unequivocally whetliei a distinct layer, the “inesotheliiiin” does 
exist in coelomie cavities If such a layei docs exist, its leaction to injiiiy does 
not appeal to bo similai to that of the epithehum of the skin oi nuieons sui 
taces AVhen the lining cells of the pleuia, peiitoneiini, oi svnovial meinbiane 
leaet to an niitaiit they become moie numoious and assume a foini whicli some 
moiphologists classify as epithelial This docs not neeessaialy^ indicate embiy o 
logical piedeteiminism, but could be iclated to a deciease in distoiting ioices 
so that the cells assume iiioic neaily the ciiculai foim of fiee cells It appeals 
to be impossible to come to a flim decision on the basis of data available 

IVillis® considei-s that mesothcliomata do not exist The saicomatons tv pcs 
dcsciibed by Stout, he feels aie oidinaiv fibiosarcomas and those showing cpi 
thelial stiaicUiie he thinks aie usiiallv metastases fiom a small, uiidiscoveiod 
carcinoma Although many of the lepoilcd eases may have been fibiosaicomata 
01 metastatic caieinonia, theie would now appeal to bo some cases which justify 
the conclusion that laie piimaiv tunioi's which aie not metastases and which 
have histologic featuies distinct fiom oidmaiv fibiosiicomata, mav aiise in 
the seioiis cavities Theie is little doubt that tin tuiiioi icpoited hcie aiose as 
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a pnmar 3 '' neoplasm in the plenral cavity. Careful search-at autopsj^ failed to 
reveal any other possible piumaiy site. As the tumor remo^'ed at operation 
had almost no fibroblastic component, consisting of cells resembling epithelial 
cells, and the tumor at autopsy had in the main a sarcomatous pattern with 
only a few epithelial-like areas, we feel that this ease demonstrates elearlj’^ that 
the epithelial-like and sarcomatous components found in primarj" tumors of 
serosal cavities represent morphologic variations of the same neoplasm. Tliere 
does not appear to be enough evidence to decide unequivocally whether these 
are trulj^ primaiy tumors of a specialized structure, tlie “mesothelium," witJi 
an embiyonic potential to produce both epithelial and fibrous tissue elements, 
or are fundamentally fibrous tissue tumors in which cells with an altered form, 
resembling epithelial cells, maj'^ be found. IMalignant sjmovioma which histo- 
logicallj' closelj'' resemble these tumors are accepted as fundamentallj’- sarcoma¬ 
tous. The term “mesothelioma” is then probabl}^ not fullj^ justified from an 
academic point of view. From a practical point of view it seems to serve a pur¬ 
pose to denote tumors arising prijnarilj'- in tlie serous cavities wJiieh have a 
varied histologic structure, and which, Avhen malignant, have a rather uniform 
growth pattern with extensive invasion but with little tendenc}^ to metastasize. 

SUjMJIARY 

A case of a primaiy malignant tumor of the parietal pleura in a 43-.year-old 
man is presented. A thoracotomj' with removal of the main tumor was per¬ 
formed but diaphragmatic pleural implants precluded complete removal. The 
patient died one j'-ear later and autopsj’- showed widespread local inva.sion and 
one microscopic metastasis in an adrenal gland. Ilistologicallj’-, the tumor 
removed at operation showed an epithelium-like structure and that at autops.v 
.mainlj'' a sarcomatous pattern. An analj^sis of the controversy’’ surrounding 
primary tumors of the serosal ca^'ities is presented. 
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SCALENE LYMPH NODE BIOPSY, CYTOLOGIC STUDIES, 

AND OTHER DIAGNOSTIC METHODS IN 
INTRATHORACIC DISEASE 

Angel Gamie, AI D, and Gdbett H Fuedell, AI D, Boston, /Mass 

THE PAST seieial jeais, sealeue Liiipli node Inopsj has aehie\ed geneial 
iceogmtion as a useful adpinct in the diagnosis of intiathoiacic and, at times, 
intia abdominal disease Polloning the initial report b\ Daniels in 1949,' 
several authois haio lepoited their icsults iiith this technique"® To date, 
houeiei, onh a few of these lepoits ha\e included a compaiison between the 
lesults of scalene node biopsj and those of cvfoliatiie bionchial cvtologi in an 
appiooiable nuniliei of eases It iias, tliciofoie, decided to canj out this com 
paiatiie study, and, in addition, to rciieu the relative effcctnencss of the larious 
techniques non eomnioiilj' used in this hospital in tlio diagnosis of intiathoiaeie 
disease, tiamolj ^ ray studies, bioiieUoseops, scalene node biopss, and cvfoUatiie 
cjtologj AVhoii the studj oiigmallv planned nas completed, houevoi, ev 
foliatiie crtologj' nas found distincflj less useful as a diagnostic aid in this 
hospital than has been loported elscnhcic' The ongmal renew nas, theie 
foie, expanded in an attempt to explain this discicpancj It is felt that this 
lattei part of the stiidx max bo of paiticiilai intoiest to those in institutions 
nhero the xolunie of citologic studies docs not naiiant a sepaiato subdiiision 
of cj^ologj in the laboi atoi i 

MATERIIL IND XlETHODb 

All cases noie leiiencd fioin tin, leais tOol to ]95S iii nhicli sciltnc 
hiiiph node biopsj was pciioimed and tissues ncic submitted to the pathologi 
laboiatorj The elinical lecords ncie studied nith paiticiilai attention to the 
pathologic diagnoses, the x laj findings, the lesults of bionchoscopj, the lepoiti 
of anj bionchial cji-ologic studies pcrfoimed, the opeiatiie findings if thoia 
cotoinj nas peifoimed, and the final clinical diagnosis in each case Cases wcic 
included in this senes onlj if the node biopsy nas done to assist in the diagnosis 
of intiathoiaeie disease In this group, there neie a fen cases in nhieh extn- 
thoiacic malignancy or other disease had been diagnosed pieiiously, but the 
node biopsies neie peifoimed because the etiology of the intiathoiaeie disease 
nas still in doubt Cases in nliich the chief complaint nas enlarged cenical 
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nodes or the presenee of generalized lyinphadenopathy of imdctermined etiology 
were excluded. In most ol the eases, the nodes removed were not palpable be- 
foi-e operation. All cases in which tissue was submitted to the laboratorj^, re¬ 
gardless of the number of nodes identified, were included. 

After selection of eases for the .series by the.se criteria, all of the bronchial 
cytologic preparations that were prcviou.sly i-epoiled as negative from these 
selected cases were reviewed. This slide review was made without knowledge as 
lo the final clinical diagnosis in the ease. 

All available ho.spital personnel in any way concerned were then questioned 
as 1o the exact procedure they followed in the collection, transportation, or 
processing of the cjdologie matei-ial. 

KKSULTS 

One hundred cases of scalene lyjnph node biojxsy were found that met the 
above ci'itcria. fn 62, thci’e was a final clinical dia<'no.sis of intrathoracie 
neoplasm based on a histologic slud}'^ of the tissue removed at bronchoscopy, 
thoi'aeotomy, or scalene node biops 3 ^ Most of the cancers wcj’c of bronchogenic 
oi-igin but a few were metastatic to the lung and .scalene nodes from other sites. 
Tn the 38 noncancoj-ous cases, Ihere were 11 of sarcoid, 4 of tuberculosi.s, find 23 
of rni.scellaneous nonneoplastic diseasc.s. 

In all of tlie 100 ca.se.s, Ihei-e were abnormal findings in che.st roentgeno¬ 
grams before .scalene node biop.sy. Depending on Iho local ion of the lesion and 
its lymphatic drainage,''’’ ■*' .scalene node biop.sies were pej’foimed on ihe right 
side in'72 cases, on the left in 23 ea.ses, and bilaterally in .6 ca.se.s. The patho¬ 
logic diagno.ses on the scalene biop.sy specimens are shown in Table f. The final 
l^diagnoscs in cases with negative nodes are seen in Table JI. A comparison be¬ 
tween the radiologic diagnosis and the pathologic diagno.sis on the .scalene node 
biopsy specimen from each case is seen in Table Til, while a compai’ison between 
the radiologic diagno.ses and final clinical diagnoses is seen in Table TV. 


TAiiu: I. PATJioi.ofiif; Eiao.vosss in 100 Casks or .Scakknk Lymph Nodk Biopsy 


NKOA'J'IVi: 1 

MAKIONANT TUMOR | SAROOII) j TUIiKRC’UI.OSIS | IMISCKKUANKODS 

50 


35 

11 3 

1 

Taui.k T1. Finai, 

CuiNioAi. Diaonosks IN .50 Casks of IIistoi.ooicat.i.y Nkoativk Koakknk 
Lymph Nook Biop.sy Spkoimkns 

MAr.roNANT 

'I'U.MOR 

sarcoid 

'riJHKIlCIJLOSIS 

MISCKI.I.ANKOUH 
UKNION DISKASKS 

.30 


0 

4 

10 


A positive diagnosis was made on examination of the lymph nodes in 50 per 
cent of all of the cases. For those cases in which a diagnosis of intrathoracie 
neoplasm was eventually established, positive scalene nodes were found in slightly 
more than 60 per cent of the cases. 
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IaBLE ni CorPELATION OF PATHOLOGIC DIAGNOSES ON SCATENE NODFS 'WlTII ROENTrFNOLOGIC 
Diacvoses in 06 Casfs 


i 

PATHOLOGIC DIAGNOSES | 

1 POBNTOCNOIOnO DIAGNOSES 

1 TUMOP 

( SUSPICIOUS [ 

SAPCOID 1 

RHSCELLANFOUS 

Tumor 

18 

11 

0 

5 

Negatne 

20 

13 

0 

16 

Sircoid 

2 

3 

1 

4 

Mi‘>collaneou's 

1 

0 

0 

3 

Total'i 

41 

2o 

1 

28 


T\BI^ IV COPFELATIOA OP ItorNTGENOI OGIC AND FiNAI CUMCAT DlACVOSES IN 1)6 CaSLS 


rOENTGFNOIOGIC PIACVOSFS 


FINAI DIAGNOSES , 

1 TUMOK 

1 SUSPICIOUS j 

S VRCOID 

I MISCELLANEOUS 

Tumor 

37 

20 

0 

7 

Sircoid 

j 

o 

1 

2 

Mi'^coll'inejua 

o 

4 

0 

10 

Tot'll'; 

41 

26 

1 

28 


BionclioscopA ^\«^s perfoimcd m 63 cases In 45 of tliem a histologic diag 
iiosis of mtiatlioidcio tiimoi was finally made (Table V) The bionchoscopic 
diagnoses used in this tabulation weie those dictated in the opciatne note bi 
the bionehoscopist before pathologic c\ammatioii of blops^ specimens Biopsies 
weie, howe\ei, peifonned at the time of bioiichoscopj on all mens suspicious of 
neoplasm 


Table V CoRrEi vtios ot Pathologic Diacnosfs ov Scalfvf Isodes Vitii BroNniosconc 
Diagnosfs IV 03 Cases 


rvTHOToric niACNosES ! 

1 bPONCIIOSCOPIC DIACNOSES 

I VFG\TI\F 

1 SUSPICIOUS 1 

TLMOP 

Negatuo 

13* 

51 

int 

Tumor 

5 

3 

14 

Sarroul 

2 

0 

1 

Tuberculosis 

0 

n 

1 


•The final clinical tliiKnosis ms tumor m 5 tubercu!o‘”is in 1 and miscellaneous in " 

ca<*es 


tTlie final cMnical cJiagnosis %vas tumor in "* tuberculosis in 1 anfi mi'scell menus In ^ 

cn‘=e«! 

}T1 c final clinical diagnosis was tumor in If tuberculosis m 1 and miscellaneous In 2 

cases 


The bionehoscopist lepoitcd the picsenco ot tumor in almosl 70 pei cent 
of the cases of mtiathoiacic neoplasm, while suspicious findings wcie noted in 
an additional 10 per cent of cases On the othei hand, out of 15 cases of non 
malignant disease, tho bionehoscopist made a false positive diagnosis and le 
polled tiimoi present in 3 cases "with findings suspicious of tumoi icpoited in 3 
othei s 

Papanicolaou smears were piepaied m 48 of tlie 100 cases In one of the 
cases the smeais were piepaied onl> from sputum, in 3 from both sputum and 
bronchial aspiration oi washings, and m 44 cases from bronchial aspiration or 
bronchial washings only 







238 


GAUEIE AND FEIEDELL 


J. Thoracic and 
Cardiovas. Surg. 


In 8 cases, the bronchial smeai's were reported as positive, and in all 8 
cases intrathoracie tumors were present. The slides from 2 eases were con¬ 
sidered inadequate for diagnosis. In 38 others, all smears were reported as 
negative, although in 27 of these 38 cases a final histologic diagnosis of intra- 
thoracic malignancy was made. 


Table VT. Correlation of Bronchial Cytologic Studies in 45 Cases With Pathologic 

Diagnoses on Scalene Nodes 



1 cytologic diagnoses 

pathologic diagnoses j 

1 NEGATIVE ) 

TUMOR 

Negative 

27* 

4 

Tumor 

10 

4 


‘The final clinical diagnosis was tumor in 1C, tuberculosis in 3, and miscellaneous in 
8 cases. 


Cj'tologie material previouslj’' reported as negative for tumor cells was 
available for review in 32 of tliese 38 eases. In the otlier 6 eases the smears 
were done at another hospital or for some other reason were not available at 
tills time. The available smears, from 2 to 6 in number from each case, were 
reviewed and divided into the following 4 categories according to the quality 
and quantity of the cells present and the diagnosis made on those cells: (1) 
positive for tumor cells, 3 cases; (2) suspicious for tumor cells, but ivith cells too 
few or morphologic detail too poor to warrant a diagnosis of cancer, 10 cases; 
(3) no tumor cells present in a smear containing sufficient cells of good morpho¬ 
logic quality, 10 eases; (4) cells quantitativelj’’ or qualitatively too poor to permit 
a definitive diagnosis, 9 cases. 

Excluding the last mentioned group of 9 cases, those in which the smears 
were either qualitatively or quantitatively insufficient for diagnosis, there were 
23 cases in which all smears were originally called negative. Seventeen of these 
patients had intrathoracie neoplasms, while 6 had no neoplastic disease. On re¬ 
view, smears from 2 of these 17 cases were called positive, 6 cases were called 
suspicious, and 9 eases were called negative. In the 6 nontumor cases, the re¬ 
view cytologic diagnosis was positive in 1, suspicious in 4, and negative in 

^As noted above, 27 of the 38 cases in which smears were originally diagnosed 
as negative had a final histologic diagnosis of intrathoracie neoplasm. In 10 
of these 27 cases, a positive diagnosis was made on the scalene node biopsy 


specimens. „ 

The diao-nosis of sarcoidosis was made on lymph nodes from 11 per cent of 
the 100 case^ a figure corresponding with that reported by others. In no case 
in this series did sarcoid coexist with tumor. Tuberculosis was found in one case 
coexisting with bronchogenic carcinoma. In this case, the specimens from bi¬ 
lateral scalene node biopsy were diagnosed as tuberculosis, while the diagnosis 
of cancer was established by bi’onchoseopy. 


DISCUSSION 

The {requei,oy ^vith which positive diagnoses on scalene nodes wece made m 
his series in cases of inti-othoracic neoplasm is somewhat higher than 
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lepoitcd bj otheib, despite the fact that this senes iiichided all cases in nhich 
tissue uas sent to the laboiaton, legaidless of the nuinbei of liinph nodes 
identified In a fen cases consideied as negatiie no nodes neie identified in 
the submitted pad of fibro fatti tissue 

The diagnostic accuiaci of scalene node biopsj in difteient senes i aiies fiom 
the 20 iiei cent lopoited by AVilsoii, Laforet, and Stiiedei”* to the 48 pei cent 
reported by Iloinitz and Pindlaj ‘ A meaningful compaiison of the iiimibei 
01 peicentage of positno diagnoses in the diffeioiit lepoited senes, boneier, is 
difficult unless eiitena aie leportcd foi the selection of cases foi biopsv in each 
senes Thus, nlieie scalene h inph node biops} is peifoiined in eases of clmicalh 
obvious neoplnstie disease, as sometimes oceuis in this hospital in oidei to 
obtain histologic pioof of the malignant natiiie and inopeiabilitv of the lesion, 
one would expect the peicentage of positive diagnoses of neoplasm in such biopsv 
speemiens to be quite high At’Iieii, on the othei baud, the scalene node biopsv 
IS pcifoiined moie oi loss lonfmclv foi diagnostic piiiposcs in eases of infia 
tboiacie disease of all tjqics one would expect to find cancel in the pathologic 
specimen lelativoh infiequentlv In the senes leported lieie, as noted undei 
JIatenal and Methods, the scalene node biopsies weie done when an mtia 
thoiacic neoplasm was suspected Some of these biopsies weie done with the 
thought that thoiaootonij could be foiestalled if a positive diagnosis of nieta 
static disease could bo obtained b,v tins lelatneh simple, although hy no means 
completely inoccuous, piocediiie 

The study of Ilorwifz and Findlaj dcmoiisfiafes anothei faofoi that will 
infliieiico the iiumbei of positive diagnoses in patients suspected of having intia 
thoiacic cancel, namol} the palpahihtj ot the supiaclaviculnr nodes Positive 
biopsies weie obtained m 14 of 15 cases in winch nodes weie palpable, while 
onlj 10 biopsy specimens contained tiimoi out of 29 cases in winch nodes were 
not palpable ^ 

It wall be noted lieic that although bionchoseopj was peifomied in 63 
cases, cjtologic piepaiatioiis of bionclnal sceietions oi washings weie made 
in onlv 47 of them In most ot the 16 cases in which smeare weie not made, the 
diagnosis of neoplasm was considci-cd fairlj obvious at the time of bioiichoseopv 
and cjtologic studies vveic not thought necossai-j to establish a diagnosis 
The effect of this selection bj the hioncboscopist, of coiii-se, was to lediiee the 
inimbei of eases studied cj tologicallv in vvbicli tumor extended to, oi into, the 
lumen ot tlie bionclnal tieo and in wbicli, picsumablv, exfoliated tumoi cells 
might bav e been fairly iiuinei ous 

The fiequeiicv of positive cjtologic diagnoses icportod bj othera in cases 
of bionebogenic cancel range fiom the 44 per cent lepoited by Sliabait” to the 
95 pel cent leported bv Toot** with the aveiage diagnostic acciiiacv between 
70 and 85 pci cent 

The leasons foi the lelativelj low niimbci of positive cjTologic diagnoses 
8 of 46 cases (27 pei cent), seemed to niimbei 4 Past, cells weie eithei not 
exfoliated into the bionclnal tiee oi exfoliated cells weie prevented bj bionclnal 
obstiiictioii from icacliing the eolleetioii point Second, that the (eciiiiiqiies eiii 
plojed in obtaining exfoliated cells fiom bionclnal lumens weie iiiisatisfactoiv 
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laboratory' pei-sonnol. Then too, the number of slides prepared, whether by 
the bronchoscopist or in the laboratory, varied from 1 to 4, with 2 the usual 
number. The responsibility for making this preparation was often not given to 
anj’ one person and at times appropriate instrrrotions for processing were not 
given to the laboratory personnel. As a corrseqtrence, there were wide differences 
in both the qrrality and tlie quantity of cells scerr in the cytologic preparations 
during this 7-year period. 

It is interesting to note that, despite the rrumber of variables actually 
operating in the collection arrd processing of material from the bronchial tree, 
when questiorred aborrt methods most of the per'sons concerrred with this pro¬ 
cedure believed that fairly starrdardized techniques had been employed. Thtrs, 
the bronchoscopist, if he did not prepare the smear directly in the operating 
room, assumed that the aspirated material or the bronchial washings were being 
submitted to the laboratory for cytologic examiiration within minirtes after the 
material was obtained. Once the aspirated material was properly tagged and 
the appropriate for-nrs completed, the operating room nurse assumed that some¬ 
how the material was promptly transported to the laboratory. Irr actrral fact, 
when this study was made the time lag between the operating room and the 
laboratory ranged from minutes to several horrr-s. At the same time, however, 
laboratory personnel receiving the aspirated material assumed tlrat the material 
had been brought to the laboratory immediately after being obtained. 

In considering the fourth possible reason for the small number of positive 
smoar-s, it is noted that the pathologist in reading the slides appear-s to have con- 
cenred himself primarily with the recognition of any tumor cells present. Thus, 
if there were no recognizable tumor cells he would report the smear as negative, 
despite the fact that most of the epithelial cells present may have been poorly 
preserved or inadequate for a definitive diagnosis. Comment maj' have been 
made on the preservation of cells brrt only rarely was the preparation reported 
as inadeqirate, despite the fact that 12 of the cases of intrathoraeio neoplasm re¬ 
viewed during this study were considered to have smears inadequate for a 
definitive diagnosis. If these 12 eases wore eliminated from the series, then tire 
diagnostic accuracy based on the original cytologic diagnoses wordd be raised 
from 8 orrt of 35 (23 per cent) to 8 out of 23 (34 per cent). 

The primary reasoir for the disparity between the results of this cytologic 
study and those repor-ted by other’s, then, wordd appear to be deficierteies in the 
teclmiques of processing the smear-s. Although, perhaps the best smear-s of 
brotrehial aspiration or washings from all points of vierv are those prepared 
after centrifrigatiorr of freshly obtained material, the time which elapses be¬ 
tween the bronchial aspiration and fi.xation is probably of greater impor-tance 
tharr the eentrifugatioir. When there is any possibility that more tharr half 
an hour will elapse between obtaining the speeimetr from the patierrt and fi.xing 
the material on a slide it would seem far better to have the bronchoscopist smear 
the aspirated material directly oir slides arrd immerse them immediately’ in fix¬ 
ative. There may’ be fewer cells present in the smear tharr if the material had 
beerr centrifuged but, on the other hattd, that material which is present will be 
well preser’T'ed. 
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If it IS felt that more satisfactory cytologic preparations can be made after 
centrifugation of the specimen, then it Avould seem to be essential that a definite 
loutine be established and that the responsibilitj^ for perfonning the necessaiy 
procedures be specifically assigned to one person in either the surgical or the 
laboratory sendee. AVithout such a designated routine, supendsed by one in- 
dimdual, variation in procedures seems quite likely to occur without the Icnoivl- 
eclge of either the collector of the specimen or the interpreter of the final 
preparation. 

Despite the rather low diagnostic accuracy of the smear in this study, 23 
per cent in 35 cases of intrathoracie neoplasm, it is encouraging to note that 
there were only 3 cases of cancer in which negative results were obtained by 
bronchoscopy, cjdologic studies, and Ijnnph node biopsies. It has become almost 
standard procedure to perforin all 3 studies at one sitting in suspected cases of 
intrathoi’acic neoplasm. 


SUJIJIARY 

One hundred consecutive cases from the years 1951 to 1958 wore reviewed 
in which scalene node biopsj’’ was perfonned as an aid in the diagnosis of intra- 
thoraeic disease. A diagnosis of tumor was made by the bronchoscopist in 70 
per cent of the eases. Scalene node biopsy specimens were positive for tumor in 
60 per cent of the cases wlien intrathoracie tumor was present. Cytologic 
preparations were usually made in cases which were diagnostic problems, and 
were not made in several cases with clinically obvious neoplastic disease. These 
smears contained tumor cells in only 23 per cent of the cancer cases. The rela¬ 
tively low diagnostic accuracy of the cystologic studies is attributed primarily 
to deficiencies in the techniques used in pi’eparing the smears. On review of 
* |»iears originally called negative, approximately 30 per cent were found to be 
insufficient for definithm diagnosis. If these inadequate smears are not con¬ 
sidered, the diagnostic accuracy of the cjdologic material becomes 34 per cent in 
cases of intrathoracie tumor. Each of these 3 diagnostic methods, bronchoscopy, 
scalene node biopsy, and cytologic study, is felt to have a definite place in the 
diagnostic armamentarium and each would appear to be most useful as a 
comi)lemcntal technique rather as a replacement for the other two. 

TIio suggasUons oiTovod by .Drs. J. W. Strieder and S. C. Sommers in fclie preparation o£ 
ibis manuscript have lieen most lielpful and are greatly appreciated. 
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MONILIAL EMPYEMA TREATED SUCCESSFULLY WITH 
INTRAPLEURAL INSTILLATIONS OF AMPHOTERICIN B 

Charles IF. Findlay, Ji\, M.D., and George Kleinfeld, M.D., 

New York, N. Y, 


'P MPYEjiA due to Candida albicans is an uncommon occuiTcnce according- to 
S—j the literature, and effective agents for the treatment of tliis complication 
have been fe-w. Amphotericin B recently was found to be a useful antibiotic 
against monilia,-- ^ and its antiyeast activitj’^ in man was reported by Childs,-* 
and Halde and co-workers.® The fiite of amphotericin B following oral, intra¬ 
muscular, and inti'avenous administration has been described by Louria,® and 
Taylor and co-workers.' 

The following ease report concerns a patient wlio developed an empyema 
due to Candida albicans which was succe.ssfully treated by intrapleural instilla¬ 
tions of amphotericin B. 


CASE REPOET 


A .54-year-old wliito man was admitted to the Francis Dolafield Hospital, New York 
City, with the chief complaint of anterior chest pain and cough for 7 weeks. On physical 
examination, wheezes and rhonchi were heard over tlie right lower cliest posteriorly, and there 
was clubbing of the fingers. 

Significant laboratory findings showed a sedimentation rate of 60 mm. per hour, sputum 
smears were negative for Mycohactcrinm tuberculosis and several .sputum cultures yielded 
only Bacillus protcus. Chest films revealed a cavitary mass .lesion in the right lower lobe. 
An endoscopic biopsy from the lateral basal segmental bronchus of the right lower lobe was 
positive for carcinoma. 

Following adequate preparation, a riglit pneumonectomy was performed. Examination 
of the specimen showed the mass in the right lower lobe to consist of undifferentiated car¬ 
cinoma, and there were metastases to the tracheobronchial lymph nodes. 

The patient did well after surgery until the fourteenth postoperative day, when lie had 
a shaking chill and fever. Empyema of the riglit chest was diagnosed, and Staphylococcus 
aureus coagulase positive was cultured from the pleural fluid. The organism was sensitive 
only to chloramphenicol, novobiocin, and bacitracin. Systemic and local antibiotics were 
given as noted in Fig. 1, and repeated thoracenteses were performed. It became evident that 
the right chest could not be evacuated by needle aspiration. Two closed thoracotomies were 
then performed which also did not give the desired result. On the thirty-second postoperative 
day, an open thoracotomy was performed with the removal of all residual fluid and fibrin. 


From the Department of Surgery, College of and Surg^n^ ^Iimbia Uni¬ 

versity, and the Surgical Service of the Francis Delafleld Hospital, New York, N. Y. 
Received for publication Dec. 18, 1958. 
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CULTURES III I I l^wTvMiW Vim vm vnrfi iK^m 

FJir 1—Summary of clinical course anG treatment &l\en The neom^cin-bacitracin solution contained 500 U/cc of bacitracin and 5 me/c.c of 

neom> cin 
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Tlie wound closed after a large drainage tube was inserted through a nearby interspace. 
Subsequent cultures were negative for Staph, aureus, but C. alhicans became evident for the 
first time. Stool cultures also grew out this organism. 

Followng several days of improvement, he again developed fever. Nystatin was given 
bj' mouth to eliminate monilia from the gastrointestinal tract which was the only other known 
leservoir of this organism. On the forty-sixth postoperative day, 15 mg. of amphotericin 
was instilled into the pleural cavity. On the next day this treatment was repeated with 20 
mg. of the drug. Following this, the patient had nausea, vomiting, malaise, pain in the right 
lower chest, but no fever. Fluid reaccumulated in the pleural space, but no organisms could 
be cultured from it after the amphotericin therapy. He was discharged from the hospital 
without evidence of infection. 

Other significant laboratory data showed only B. protcus in the sputum during the 
entire hospital stay. Blood cultures failed to grow C. albicans. The patient was observed 
for 6 months following his discharge from the hospital, and repeated cultures were taken 
during this period. The blood, pleural fluid, and urine have remained sterile, and C. albicans 
was not cultured from the sputum or stool. 


COMMENT 

In retrospect, it would seem that C. albicans was introduced into the pleural 
cavity during one of the needle aspirations or tube insertions. When this 
pleural contamination was first discovered, we were not certain of its pathogenic 
significance. The possibility of persistent altliough uncultured staphylococcal 
infection Avas also entertained. Because of recurrent fever and re-collection of 
pleural fluid, it Avas decided to treat a possible bacterial empyema and a knoAvn 
yeast empyema. Intramuscular bacitracin Avas given to control the former 
possibility and amphotericin B aa^s selected to treat the monilial infection. 

Although intravenous amphotericin Avas recommended for systemic monilial 
infection,® the intrapleural route seemed to be a more direct method of treat¬ 
ment. FolloAAung the first intrapleural instillation, there Avere mild malaise and 
nausea. After the second injection, the patient developed severe nausea, vomit¬ 
ing, and chest pain. Amphotericin aa^s discontinued, and these symptoms 
quickly subsided. Since the untoward reactions Avere so closely related to the 
amphotericin therapy, the concomitant nystatin and bacitracin AAmre discounted 
as complicating agents. The patient’s sjmiptoms disappeared before these lavo 
agents AA'ere AAuthdraAAm. The systemic reaction indicated that there AA^as ab¬ 
sorption of amphotericin B from the pleural caA'ity although blood lev^els of 
this drug AA'^ere not measured. Pleural sterilization of all organisms ultimate^ 
Avas achieved. 

The delay of open thoracotomy on this patient may be criticized. Because 
the patient had loiOAAm residual carcinoma in the mediastinum, it AA^as hoped that 
the empjmma could be cured by more conservative means. The pleural fluid Avas 
thin and turbid at all times. From this experience,^ it is recommended that all 
pleural fluid and mateidal contaminated Avith C. albicans be evacuated from the 
chest folloAved by the instillation of amphotericin B. The use of a thoracotomy 
tube may be necessaiy. mether a closed or open thoracotomy is used depends 
on the efficiency of pleural evacuation AAdth the closed method. The removal of 
-Amphotericin B (Fungizone) wa. supplied by the Squibb Institute. New Brunswick, 


N. J. 
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Tlie wound was closed after a large drainage tube was inserted through a nearby interspace. 
Subsequent cultures were negative for Staph, aureus, but C. albicans became evident for the 
first time. Stool cultures also grew out this organism. 

Following several days of improvement, he again developed fever. Nystatin was given 
by mouth to eliminate monilia from the gastrointestinal tract which was the only other known 
resenmir of this organism. On the forty-sixth postoperative day, 15 mg. of amphotericin B* 
was instilled into the pleural cavit3'. On the next daj' this treatment was repeated with 20 
mg. of the drug. Following this, the patient had nausea, vomiting, malaise, pain in the right 
lower chest, but no fever. Fluid reaecumulated in the pleural space, but no organisms could 
be cultured from it after the amphotericin therapy. He was discharged from the hospital 
without evidence of infection. 

Other significant laboratory data showed only K proteus in the sputum during the 
entire hospital stay. Blood cultures failed to grow C. albicans. The patient was observed 
for 6 months following his discharge from the hospital, and repeated cultures were taken 
during this period. The blood, pleural fluid, and urine have remained sterile, and C. albicans 
was not cultured from the sputum or stool. 


COMMENT 

In retrospect, it tvoiild seem that C. aJhicmis was introduced into the pleural 
cavit}^ during one of the needle aspirations or tube insertions. When this 
pleural contamination was first discovered, we were not certain of its pathogenic 
significance. The possibility of persistent although uncultured staphylococcal 
infection was also entertained. Because of recurrent fever and x’e-collection of 
pleural fluid, it was decided to treat a possible bacterial empyema and a known 
yeast empyema. Intramuscular bacitracin was given to control the former 
possibility and amphotericin B was selected to treat the mondial infection. 

Although intravenous amphotericin was recommended for sj^steinic monilial 
infection,® the intrapleural route seemed to be a more direct method of treat¬ 
ment. Following the first intrapleural instillation, there were mild malaise and 
nausea. After the second injection, the patient developed severe nausea, vomit¬ 
ing, and chest pain. Amphotericin was discontinued, and these symptoms 
quickly subsided. Since the untoward I’eactions were so closely related to the 
amphotericin therapy, the concomitant nystatin and bacitracin were discounted 
as complicating agents. The patient’s symptoms disappeared before these two 
agents wei’e withdrawn. The sj’stemic reaction indicated that there was ab¬ 
sorption of amphotericin B from the pleural cavity although blood levels of 
this drug were not measured. Pleural sterilization of all organisms ultimately 
was achieved. 

The delay of open thoracotomy on this patient may be criticized. Because 
the patient had known residual carcinoma in the mediastinmn, it was hoped that 
the empyema could be cured by more conservative means. The pleural fluid was 
thin and turbid at all times. From this experience, it is recommended that all 
pleural fluid and material contaminated udth C. albicans be evacuated from the 
chest followed by the instillation of amphotericin B. The use of a thoracotomy 
tube may be neeessaiy. mether a closed or open thoracotomy is used depends 
on the efficiency of pleural evacuation udth the closed method. The remova o 

-rimphotericin B (Fungizone) was supplied by the Squibb Institute. New Brunswick 
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IDIOPATHIC MUSCULAR HYPERTROPHY OF THE ESOPHAGUS 
E. L. Mar St on, M.D.* and H. H. Bradshaw, M.D., Winston-Salem, N. C. 

Tdiopathic circular muscle li3T)ertropli5'- of the esophagus, first described bj' 
1 Baillie in 1799,^ was reviewed in 1949 by Salfelder= who discovered 35 
autopsy cases of “esophageal hj^pertrophy.” 4 demonstrating “idiopathic 
hj^pertrophj^ ’ ’ Abljo and Giampalmo® identified 6 postmortem instances of 
marked degrees (0.7 to 1.1 cm.) of circular muscular hypertrophy. Sloper^ 
presented 7 additional cases in 1954. Biocea'’ reviewed the literature in 1956, 
found 42 cases, and added 2 of his own in which surgery was performed. 
Sweet® has encountered 2 patients, Burfoi-d,® one, and Womack,’’ 2 patients. 
The following report brings the available recorded eases to 50, in 9 of which 
there was some form of surgical intervention. 

CASE REPORT 

A 51-year-old, white, married man was admitted to the hospital on Oct. 30, 1957, 
complaining of “stomach trouble.” Twenty years prior to admission he had had svhsterna} 
pain associated with nausea and vomiting. Conservative medical therapy relieved him. 
Subsequentlj' he had had occasional, mild, epigastric distress, and rare, nocturnal nausea 
and vomiting. Three weeks prior to admission, continuous substemal pain with nausea 
and vomiting recurred. This distress was not related to position, meals, or activity. 
Hematemesis was absent. An esophagogram done elsewhere revealed an “esophageal ab¬ 
normality.” Dysphagia occurred for the first time 2 weeks prior to admission. 

The past history revealed diphtheria in early infancy and recent mild prostatitis 
treated by massage. 

Physical examination was normal except for a compensated anodontia and a mild 
prostatic enlargement. Blood pressure was 105 systolic, 60 diastolic; pulse rate 80; res¬ 
pirations 20; temperature 98.0° P.; weight 135 pounds. 

Laboratory stvdies; the urine had a specific gravity of 1.023, acid, a trace of albu¬ 
min, and 15 to 20 WBC’s per HPF. The hemoglobin was 14.7 grams per cent and the 
total white count was 14,000 per milliliter, with 29 polymorphonuclears, 42 eosinophils, 1 
basophil, and 28 lymphocytes. The blood urea nitrogen was 18 mg. per cent and the 
VDEL was nonreactive. 

The chest films were normal. An esophagogram demonstrated curling of the esoph¬ 
agus with a delay in emptjdng in the distal 6 cm. The mucosal pattern was normal (Pig. 

1, A). Esophagoscopy showed hj'pertrophied mucosal rugae from the 30 cm. level to the 
diaphragmatic pinchcock. 

On Nov. 4, 1957, a left thoracotomy and mediastinal dissection e.xposed a firm, thick¬ 
ened esophagus. A frozen section from the esophageal wall was reported as benign smooth 

From the Department of Surgery, Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, 1^. C. 

Received for publication Dec. 22, 1958. 
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mu'! lo An. p\tj i‘>ul)mucos il mjotom^ from the nortic nrch to the gastric cardia uas per 
formed As tlio rajotomj was pcrforiutd, tlio mmosa and 'subnuicosa bulged outward (Fig 
J) Digital exploration of tlio e irdia, vn a gastrotonn, re\ealcd no esopliageal obstruction 
\ small sliding hiatal hcinia was repaired and a rowtinc closure performed The thoracotom> 
tube was removed on the tlnrd postoperatne da> and the Levmo tube on the fourth post 
operitiio da> An esophagogram on the eighth postoperatno daj and on the twelfth 
{ostopcratiio month (Pig 1, P) sliowed mild esophageal dilatation with slight cardial de 
Im of tho barium The patient was discharged without sequelae on tho ninth postopera 
ti\o dn Complete blood counts 3 and 12 months following surgerj were normal 

Microscopic examination of tho circular muscle demonstrated smooth muscle hyper 
tropin without loss of muscular orientation V« eosinophilic infiltration was present in 
tho perivascular and perineural tissue spaces with questionable hmphnngiectasis (Pig 3) 



A B 

FIS' 1 — 1 Preonerati\c esophagograiu B Postoperative esophspogram 


ETIOLOGl 

Embij ologicallj, the ciiculai muscle layci and myentenc plex-us of Auei 
bach «appeai at 7 aveeks (17 mm embiyo) and the outei, longitudinal lajci 
appeals at 12 weelvs (56 mm embiyo) ® There haxc been no leported cases 
in avhich Aucibach’s ple\us has been deficient 

Guthiie's patient,® aged 11 ycais, is the youngest lepoited to date 
Vargas and associates’® lepoited a 7 week old infant mth annulai hypci 
tiophy of the cardia tieated by the Hellei pioceduic However, the aieiage 
age of these patients is 60 j cars and lends to rule out a congenital etiology 
The lack of fibiosis and inflammatory exudation m the available micioscopic 
descriptions iiiles out an inflammatoiy process 
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Fig-. 2 .—Bulging of the mucosa and submucosa at the time of surgical myotomy. 


h 

1 

4 ''- 

,.3 

0^^ 


Fig. 3.—Microphotograph which demonstrates the perivascular and perilymphatic eosinophilic 

infiltration. (XiSO.) 
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Tlie I ole of sympathctic-paiasympathctie imb.nlance is difficult to assess 
Allison (cited by Slopcr’) performed a ccivical vagotomy without benefit 
Sym])athectomy has not been peifoimed. The fiequently mentioned peri- 
neuial and peiivascular infiltration of eosinophils cannot be piesently ooire- 
lated with any known nouromuseulai imbalance 

The fiequent occuricnees of myoeaidial hyiieitiophj' in these patients 
has suggested a humoral concept ’• * Many of these patients are in the older 
ago gioups and have associated aitoiioseleiotie vascular lesions easily justify¬ 
ing loft vciitiioulai liypertiophy Abbo and Giainpaliiio^ noted an association 
of pyloric hypei trophy in 7 of their 2G cases, and Sloper’ found one in his 
7 cases The incidence of malignancy in olhei body systems is high in these 
patients’ piotoeols, Abbo and Giampalmo’ found siv iiialignaneies in 2G cases, 
and Slopei’ found five malignancies in 7 cases 

The late onset of symptoms indicates that it is an acqiiiied lesion, possi¬ 
bly based on an obscuie alleigie basis 

DIAGNOSIS 

Difficulty in swalloiving, siibsteinal discomfoit or pain, and a histoiy of 
remissions and oxaceibations constitute a triad of symptoms These people 
leal 11 to chow their food well befoie swallouing. Nausea and vomiting (not 
self-induced) aio unconimoii Patients have geiieiclly Icained to live with 
their disease without CNcess disticss The onset of mild to moderate sub- 
steinal pain most commonly brings them to their doctoi AVeight loss occuis 
late, if at all 

The barium swallow demonstiatcs an intact esophageal mucosa with pooi 
peristaltic activity (although Biocca’’ reported a patient having maiked ac¬ 
tivity) The barium column may hesitate at the caidia, but esophageal reten¬ 
tion is usually not piesent. The esophageal lumen is not commonly stenosed 
Culling may be piesent Esophagoscopy may leveal hypeitiophy of the 
mucosal folds or mucosal atiophy, impiiigemeiit of the esophageal lumen 
(laie), and lack of bleeding, ofhei than that usually eiicounteied during 
esophagoscopy 

PATHOLOGl 

Eighty-five per cent of lepoitcd patients aic male, aveiaging 60 jmais of 
age The hypeitiophy is confined to the ciieulai, smooth muscle layei of the 
esophagus The outer, longitudinal layei is not involved Raie iiivolvemeiil 
of the miiseulai is mucosa has been lepoited” Submucosal Iciomatosis not 
evtending into Ihe museulaiis and pieseiiting a giainilai appeaiance has been 
lepoited’'^ Pciivasciilai and peiiiicuial lymphocjfic and, paitieulaily, 
eosinophilic infiltrations have been ficqucnth iepoited^ Diffuse esophag¬ 
eal musculai hj-peitiophy and pvloiic and small intestinal hj-peitiophy have 
ocelli led simultaneously'’ 
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The esophageal involvement, generally, extends from the aortic arch to 
the esophagogastric junction, where circular muscular hyperti’ophy abruptly 
ceases. The esophagus is firm and rubbery and the surrounding tissues are 
not inflamed or fibrosed. 


TREATMENT 

Asymptomatic patients require no therapy. Dilatations are probably 
of little benefit. Patients with refractory symptoms should undergo surgery. 
Vagotomy, as demonstrated by Allison,* probably has no place in therapy. 
Sympathectomy has not been attempted and is probably not indicated. Sweet-"' 
and Womack* performed esophagectomy on their fii-st patients and an extra- 
submucosal myotomy on their second, with successful outcomes. 

Allison* perfoi-med esophageal resection after an unsuccessful cervical 
vagotomy. Burford® and Bioeea* performed extra-submucosal mjmtomies with 
successful results. An extra-submucosal esophageal myotomy from the aortic 
arch to the diaphragmatic hiatus was done vnth an excellent result in the pa¬ 
tient reported here. This seems to be the surgical treatment of choice, once 
a malignancy has been ruled out. 


SUJIMARY 

A 61-year-old white man, complaining of dysphagia, substernal pain, 
nausea and vomiting, was found to have curling of the esophagus by esophago- 
gram, and markedly hj'^pertrophied mucosal rugae by esophagoscopy. On a 
diagnosis of muscular hypertrophy, an extra-submucosal myotomy was per¬ 
formed with complete relief of sjmiptoms. 

Fifty similar patients have been reported. Vagotomy has been tried and 
found ineffective. The most effective treatment is myotomy of the esophageal 
muscle down to the submucosal layer, msually extending from the aortic arch 
to the cardia. 

We wish to express our appreciation to Giuseppe Toglia, M.D., for his aid in transla¬ 
tion of the articles from Italian medical journals. 
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TRANSTHORACIC TRACHEOSTOMY 


An Experimental Study 

Catlos R Pacheco, M D ,* Leon Gieeii, yll D ,* and Rit) Petez 
Tania-jo, dl D ,** Mexico City, Mexico 

T he STnruLus foi the picsent t\oik aiose fiom the obsenation of a gioup 
of 11 patients mth compression of the thoiacie poition of the tiachea, in 
3 of ivhich a cemeal tiaelicotomj iias pcrfoimed iiith pool oi no results In 
4 of these patients, the obslnictioii i\as seconclair to metastatic bionehogemc 
caicinoma, in 2, it was due to ancmisni of the ascending portion of the aorta, 
and in one each of o to plciiial niesothehoma, piiniai.i caicinonia of the tiachea, 
Paneoast tumoi, scleionia, and adenoma of the trachea All these cases weie 
inopoiable eithei because of the adianced stage of the disease or because of its 
situation 111 the chest, and all pioduccd seieic obstniction to the ftce floii of 
an It ■was thought that the oiih tiue palliation foi this tnni ot patient iias 
an an shunt bejond the site of obstniction, thciefoie, the present studt was 
undertaken in the hope that the icsults could be used in liuniaii beings 

The renew of the litoratuic reiealcd that foi more than 40 veais tlieie haic 
been lepeated attempts to deal mth endotlioiacic obstniction of the tiachea 
Thus, 111 1907, Glucld attempted a postenoi bionchotom^ but was unsuccessful 
Later it was eonceiiod that the solution was in the formation of a posteuoi 
pulmoiian oi bioiichial fistula and the following schemes were tried (a) letio 
grade lespiiation tlnoiigh an incision of sufficient size to reach a large bion 
chiole 01 a bronchus, (b) resection of a piilmoriaij lobe oi a portion thereof 
so as to obtain the same retrograde icspiration, and (c) tianspleuial bionehial 
fistula witli suture of the maigiiLs of the sKiii to the walls of the open bionchus 
Kuttiiei,“ 111 190S, operated on a patient with compression of the tiachea pro 
duecd In an aoitic aiieuijsiii, this aiithoi icsected the upper lobe and fixed the 
open bionchus to the shin but the patient died a few dajs latei In 1922, 
Retlii Pest’ published a lepoit of a case of a pulmonary fistula poifoimed iii 
two operations in a p.atient with aoitic aneuiism who suiiivcd 14 months and 
12 dajs with an adctiuate lespiiatoiy exchange thioiigh the fistula In tlie ssiiie 
real, Kiiasek* attempted a postenoi bionthotoiin following Gluck’s technique 
but unfortunatelj the patient died the next daj With the exception of Retlii 
Post’s ease, all othei attempts wcie unsuccessful 

neceUi 1 for luljlicitlon Xlarch 1 1359 

•Clic'Jt Unit (jcncrul Ho-^nltxl XICxlco Cltl MCxlco 

• •Pitholoo Unft Nation'll Uns\erslty School of MeUjcIm Gcneril Hospital Attxlco 
M/xIco 
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Otlicr memiH to nMfive the obstnielion of tlie trachea were suggested by 
Guleke,"' J-'olIov/Jug tlfe decompressive mediasfirjotorny, described in 1897 hy 
IMibori/' this same procedure has also been supported nioi'c recently by 
Abbott^ wlio lias cinphas'izcd the fact that several weeks must elapse after the 
]H-oeedure before the patient can appreciate the beneticial results. Sloan and 
Cowley^ published, in 1953, a report, of a case of aortic aneurysm with severe 
compression of the tradiea in which tlicy performed a posterior mediastinal 
t7-acheofomy by means of a nibber tube; the patient died 4 months later with 
I'lipture of the aneuiy.srn but tlu-oughout the postoperative period the ti-acheot- 
oiny functioned adequately. The authors stress tlie necessity of constant 
aspiration of the artificial aij^vay, as well as intense treatment with antibiotics 
since secretiojis arc abundant and easily become infected. Tn 1942, AVatson’’ 
I’epmied a case of primary carcinoma of the trachea with resection of the in- 
volvcfl segment, and anastomosis of the cephalic end to a .sicin tube with an 
opening jn-acticed beforehand in the steiTium. Kleitsch^® performed a tracheot¬ 
omy in a case of i-ccurrent cai'cinoma of the Jaryn.v and opened the ti'achea to 
the skin by means of a polyethylene tube at the level of the sternum; this 
authoj' insists on tlie convenience of the anterior access because the patient can 
look after the stoma and sleep in a dorsal position. A similar case was reported 
by Minoj’’* avIio anastomosed the tivichea to the .stej'num; both autliors empha¬ 
sized the impoi'iance of keejiing the new re.spiratory tract patent by means of 
rejieated aspirations and of the uninternipted use of antibiotics. 

We have also attempted the t.j-ansthoracic tracheotomy with a rubber tube 
after Sloan and Cowley'* in a ease of low tracheal obstiaiction but the patient 
was lost in the operating room because of iirsurmountablc technical problems. 

The only published e.xpci'imcntal wo/*^' e by Minkin'^' who^Ao 1925, 

perfoi’mcd transpleural bronchotomy in ds work cont 'led 

descriptions of the surgical access and 1 c operation a 

ti'ansvci'sc bronchotomy in situ after an ^ removal l 

and fifth ribs; the bn' ' -'poning is m • ijifundi < 

with the skiji. The' wival Ava. e cause oi 

ahvays empyema. 

kxpkiumkntaij n- 

Forty-six dogs, • 15 

aiuiHtomoHiiig the tlio bit "t 

client. In 82 of these e "itl 

(icc.tioiiH were examined 
were earricfl out in 18. 

The animals Avere an- 
ether-oxygen mixture; indo 
Tn all eases, a right thoraci 
during the operation, blood i 
Antibiotics AAmi’e used post ope . 
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Variations in surgical tceliniqne permit separation of our anijiials in the 
following three groups; Group 1—eompletc endotlioraeio tracheostomy, 23 dogs; 
Group 2—partial cndofhoracic tracheostomy with a polyethylene tube, 18 dogs; 
and Group 3—partial endothoraeie tracheostomy with a polyethylene tube cov¬ 
ered by skin, 5 dogs 

RESULTS 

Group 1. Compleic Endoihoracic Tracheostomy .— 

After opening the thorax and icsccting the fifth rib in the usual manner, 
the trachea is dissected in its endothoraeie portion as high as possible, fixed by 
means of two separate siitiiras in the cartilaginous portion, and an opening is 



1 Comrlete tracljeostomy Observe the anesthetic tube introducccl In the lower bortion 
Of the trachea and the suture of the upper haSf of the trachea 

made in the membranous portion immcdiatel.r beneath the tno sutures. The 
npper end is closed with separate sutures and simultaneously the lower end is 
connected with the anesthetic tube in order to continue the pulinonaiy insiiffla- 

tlOll pig 15 

azygos vein is sectioned in order to peniiit a greater 
■BO ility to the pulmonary hilns. 

The free end of the loner portion of tlie traclica is fixed to the nail of the 
Ihorax by suturing it to each one of the different planes in order to ensure a 
permanent position in the parietal conise (Fig. 2). Twenty-three dogs neic 
operated upon using the prorious tecliniqnc and tiiey all died in periods ranging 
from 7 hotii’s (Dog 30) to 14 days (Dog 29). Autopsies were perfomicd in 
fS, histologic study of lungs and traclica in 14, and bacteriologic stiidie.s of 
tracheal and broiieliial secretions in 11. In alt animals sueeumbing after 24 
houi-s or less, there were no clinical manifestations of obstruction and death was 
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at1rjl)utcd 1o tlic operation since Ihc resi)ira1ory exclien^ri' was jHliainiit' In all 
animals dying afler 24 lioui’s oJ' 1lie opcralion, llie prcdormnanl clinical pielure 
was progressive dyspnea and Iracheobroncliilis ending in hronchojnieiimonia. 
i\n1opsy was perl'ojancd willi special interest in the contents of the traelico- 
bronchial tree, the Inngs, and the relation of the trachea with ilie vail of the 
chest. In the tracheoentancons juncture, there were inflamiiMtory and infec¬ 
tious changes while in the tracheohronchial tree there was a whole range of 
changes from slight to imrulent tracheitis and intense hronclio[ineumonia. The 
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and was finnlj’ tied to the tube; anesthesia was coutmued tlirongii the natural 
ainvays and the polyctliylcne tube was closed with gauze or left open according 
to the type of experiment to he ))crfonncd. 

This method was used in 18 dogs and in 8 the tulie uas left open so that 
the animals breathed both through the natural ain\ays and through the poly¬ 
ethylene tube; all these animals died spontaneously and the gross, histologic, 
and bacteriologic findings were similar to those described in the previous group. 
In the remaining 10 dogs, the polyethtlene tube, communicating with the 
trachea, was intermittently opened every day' for longer jieriods with the hope 
of “conditioning” the animals to breathing through the ailificial airway. Dog 
32 was reoperated tipon IS days latei' and the cenical trachea was closed .so 



Pie. 3—The I«l}ethyienc lube inside the trachea at the point of emerECnce from the thoia- 
cotonij , the njuscular la>eis ate sutured 

that the only ainvay ttas the polyethylene tube; this animal died 6 days later 
u-ith the same bronchopneumonic picture. On the other hand, in Dog 33, in 
which the polyethylene tube was closed most of the time, at the time of sacrifice 
GO days after the operation, there were no infectious complications; Dog 38, 
sacrificed 12 days after the operation and in which the tube was also closed 
most of the time also .showed no infection. In Dog 45, the tube was accidentally 
removed S days after oiieration but the wound healed satisfactorily and the 
dog Was alive and healthy at the time of last observation (30 days). In the last 
4 dogs just described, bronchoscopy was performed which revealed the correct 
position of the tube and the healing of the wound in Dog 45. 

Pathologic examination of the tissues of 7 animals of this group .showed 
that the polyethylene tube Avas lying in a duet formed by connective tissue with 
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shglit inflammatoiy reaction, and that, near the trachea, the duct was lined by 

epidermoid epithelium arising through metaplasia from the tracheal epithelium 
(Fig. 4). 

Group 3. Partial Endothoradc Tracheostomy With a Polyethylene Tube 
Covered by Skin .— 

Ill 5 dogs, a portion of skin and supeidicial muscle, measui’ing 10 by 6 cm., 
was removed (Fig. 5) and used as a tube around the polyethylene tube; the 
skin Avas sutured around the tracheal opening and again to the margins of the 
thoracic umund. The poh^ethylene tube inside the skin tunnel served to avoid 



Fig^. 4.—Epidermoid metaplasia of the traoheal epithelium near the opening of the tunnel. 


collapse (Fig. 6). The animals survived from 1 day to 3 days and the autopsy 
performed in 4 of them showed infection and separation of the sutures of the 
skin tunnel to the trachea which adequately explains the presence of empyema 
and the death of the animals. 


DISCUSSION 

The surgical technique of experimental transthoracic tiacheotom.A is rela¬ 
tively simple but care must be observed to leave the new ainvay as straight as 
possible in order to ai'oid accumulation of secretions; the significance of this 
fact is boi-ne out by the results in the three groups of animals. The anesthesia 
is also simple and, ivhen complete tracheostomy is performed, it can be con¬ 
tinued through the lower segment of the trachea; when tracheostomy is partial. 
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the administi ntion of the nncstlietie is bcttei obtained thiough the iiatnial aii- 
Mciy At tlie end of the opeiatioii the animal is bieathmg iioimallj and no 
i.lles can bo heard 

Tlio animals in the &ist group died spontaneously intli bionehopneumonia 
in spite of the use of continuous aspnation of the tiaeheal opening in the chest 



Fiff ^—Preparation of the skin graft In the chost of the dog 



6 —Partial tracheostonij Notice tlie pedicle skin graft anastomosed to the trachea and 
sutured as a tunnel containing the poljethjienc tube 


and the adimmstiafioii of sistennc and local antibiotics These icsults illustiato 
tlie significant lolc plaj cd hi the nppci icspiratoi^ tiaet as a defense mtclianism 
against infections, opciatcd hi means of stcietions, cilnii actiiiti, tenipeia 
tmo, Inimiditj, and the eoiigli icfle\ suppicssed in these animals hi ancsUiesin 
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and specially by the absence of the larjnix in the ai’tificial airway. The bacteria 
isolated from the nasophai'ynx in 10 healthy dogs were the same as those 
usually encountered in the lungs and trachea of the animals operated upon 
(alpha Sir. hemolyticus, M. pyogenes vai*. albus [nonliemoljdic] , Troteus sp., 
M. pyogenes var. anreus, and K. pneumoniae). The immediate postopei*ative 
bronchial washings failed to reA'^eal any bacteria in smears or cultures, thus 
indicating that the lower respiratory tract is normally aseptic. 

In Group 2, a polyethylene tube was used to establish communication 
between the endothoraeic trachea and the environment, and in 8 dogs it was 
left open so that the animals breathed through both the normal and the 
ai’tificial ainvaj^s. Since the fate of these dogs was the same as Group 1 it was 
decided to close the polyethylene tube in the remaining 7 and this changed 
the outcome immediately since the animals continued breathing through the 
normal airways. Additional eonfimiation of the deleterious influence of a 
bypass of the upper respiratory tract ivas obtained in Dog 32, which died 
with bronchopneumonia when the cervical trachea was closed and it could 
only breathe thi’ough the transthoracic tube. 

In a series of animals of Group 2, which died 8 or more days after the 
.surgical procedure (Dogs 32, 33, 37, 38, 41, and 45), it was found that the 
polyethjdene tube was surrounded a tunnel of connective tissue; in the 
last animal (Dog 45) the tube was accidentally eliminated and the tunnel 
closed spontaneously together vdth tlie traelieal wound. Bronelioseop}’- in 
this dog revealed a healed wound in the trachea. It was then thought 
that the connective tissue tiuinel sliould be replaced by a pedicle skin 
autogx’aft in order to ensure its permanent patency and 5 animals were 
opei’ated upon using the polyethylene tube in order to avoid collapse of the 
skin tunnel. Unfortunately, the sutures of the skin graft to the trachea 
were defective and the animals died with empyema without allowing adequate 
time for observation. 

We believe that the present work can be contixiued by placing the animals 
in a warm and humid atmosphere, Avhich was not feasible at the time it Avas 
carried out, and by placing a Avire netAvork around the skin in order to avoid 
collapse of the tunnel, folloAving Gebauer’s method^"; finally, progressive 
“conditioning” of the animals to breathing through the artifieal airway may 
improve the results obtained in the present series. 


SUMMARY 

The obsei'vation of a group of patients AA'ith obstruction of the endothoraeic 
portion of the trachea in Avhich classical tracheotomy Avas of no avail suggested 
an experimental study of transthoracic tracheostomy. Forty-six dogs were 
operated on according to the three folloAving techniques; Group 1, complete 
transthoracic tracheostomy; Group 2, partial transthoracic tracheostomy Avith 
a polyethylene tube; Group 3, transthoracic tracheostomy AAuth a polyethylene 
tube covered by skin. The results of these studies and of the pathologic and 
bacteriologic observations in 32 autopsied animals of the series suggest the 
folloAAdng conclusions. 
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1 Complete oi partial, transthoiacie c\pcinnental tiachcostonn is a 
iclatncly simple piocccliuc 

2 Results could lie impioictl by leplacmg the decontaminating functions 
ol the uppoi icspiiatoii tiact iihieli aie lost uitli the pioeediue 

3 Replacement of such decoiit.imiiiatuig functions ineludc an appiopiiato 
tempeiatuio and humiditv of the .itmospheie, lepeated aspiiations instead of 
the cough leflcx, and piotcction h\ means of local and sjstemie anUbioUcs 
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A TECHNIQUE FOR BICUSPIDIZATION 
OF THE AORTIC VALVE 


T. E. Starzl, M.D., Ph.D.* E. P. Cruzat, ALD., F. B. Walker, 
and F, J. Lewis, Ai.D., Pb.D., Chicago, III. 

A lthough there are a dozen or more etiologies for aortic hisuffieieney, the 
L ultimate problem is similar in most cases. Thei-e is a disparity between 
the area of the aortic orifice and the area of valve leaflet with which this orifice 
must be covered during diastole. Recently, efforts have been made under direct 
vision to establish a more favorable orifice/valve leaflet ratio bj’’ excision of the 
noncoronary cu.sp and conversion of the valve to a bicuspid stnieture.^’^' ^ 
Earl}’’ results by Baile}' with the clinical application of this method appear to 
warrant a more extensive clinical trial.’’ - 

Concerning the physiolog’ic eon.sequenee of this procedure, several problems 
remained unsettled. Since bicuspidization of the valve reduces the orifice by 
more than 50 per cent, the effect of the relative .stenosis on the left ventricle is 
of interest. It is also impoi'tant to k?iow if it is necessary to excise the leaflet 
of the noncoronary cusp or if this leaflet can simplj' be defunctionalized. The 
present inve.stigation is concerned with the.se ciuestions and with a description 
of a .simplified method for bicuspidization of the aortic valve. 

3rETHOD.S 

Eleven mongrel dogs (8 to 15 Kg.) were u.sed. The operative procedure 
and all .subsequent tests Avere perfoz-jned under sodium pentobarbital ane.sthe.sia 
(25 to 30 mg. per kilogram). Surgery Avas done under hypothennia (27° to 
32° C.), cooling and reAvarming being done by immei-sion in Avater baths of 
appi’opriate temperature. Simultaneous pressures Avere obtained postoperatively 
b}’’ transearotid catheters and left A’cntricular pAincture, respectively, and Avere 
recorded Avith an inductance manometer AAdiicli had a frequency rc.sponse in 
excess of 30 ey*cles per second. Ileai’t sounds and electrocardiogram Avere re¬ 
corded Avith a commercial phonocardiogram. 

From the Departments of Surgerj'. NorUiwe.stern Univer.sity Medical School and the Vet¬ 
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DESCRIPTION OF OPERVTIVE PROCEDURE 

Tlioiacotomv is peifoimed thioiigli the nglit fouitli inteicostal space The 
azygos lem is ligated and the snpeiioi and infeiioi lenae caiae eiiciicled vith 
tapes The peiicaidinni is opened and a staj siitiiic in the aiiiioulai appendage 
IS used to letiact the light atinnii infeiioilj (Fig 1) The eleaiage plane be 
tveeii the light atiinni and the iioneoionaii sinus of Valsaha is deieloped 
Fniallj, the oiigni of the light eoionaii aiteii is identified (Fig 1) Both 
■venae caiae aie then occluded with Kninel Belmont toniniqnets and the ascend 
ing aorta cioss clamped A longitudinal ascending aortotomi is made and e\ 
tended pioximallj thiough the annulus to the base of the noneoionaij cusp 
(Figs 1 and 2) 

When the lips of the aoitotoiiij aie spiead and lesidiial blood sucked awa\ 
a splendid new of the \al\e is afloided (Fig 2) The two points of niseitioii 
of the noneoionaij leaflet aie identified A needle, swelged with 5 0 silk is 
placed thiough these two points, pissing fioni outside m on one side and inside 
out on the other side (Fig 2) IlaMiig selected these two points foi appiosi 
niation (Fig 2), an ellipse of excess aortic and annulus tissue is tiiinmcd awai 
on each side down to witlun 1 mm of the pievioush placed siitnie (Fig 3, B) 

The sutuie is tied, closing a ccntial point of the aoitotonij (Fig 3, C) 
The aortotomx is closed with a continuous sutuie, starting proximallj and 
oieisowang the guide stitch in the middle (Fig 3, D) Befoic the last sutuies 
aie placed, the leiiae cavac aio i(.leased to allow an in the lelt lentiielo to bo 
flushed out, and the aortic clamp is itmovcd 

The penod of caial occlusion in tins senes nnged fiom 7 to 11 minutes 
Ten of the eleven dogs developed vcntiieulai fibiillation, with successful le 
siiseitation m all In soveial instances, it was necessaiv to laise the lieait 
tempeiatuie bv lavaging the chest with vvaiin saline solution 1 efoie a good beat 
could be le established Blool tiansliisions wcie not given 

IlESULTS 

Operative Moiiatity and MoihuJity —Tlieie was no moitalitj at the opeiat 
iiig table One dog died of heait failuic (with acute pulinonaij edema) 6 davs 
aftei suigeiv The ') leiiiaining dogs lived loi chionie studj and the i bchavioi 
and acUvitj weie entnelv noimal 

Ascultatory Brndinys —All cluomc dogs vveie examined foi hent minimus 
at mteivals postopeiativclv and at least one phonocaidiogiaphio leeoiding ob 
tamed befoie thev vvcie saciificed The findings vveie similai in eveij case 
Theie was a diamond shaped sjstolic muimiu which was lieaid most distinetlv 
]ust to the left of the steinum ni the second oi thud inteispace (Fig 4, B) In 
the same location, the second heart sound was invauablj accentuated with a 
snapping tamboui qualitv (Fig 4, B) In no instance vv.is a diastolic miuanui 
piesent 

Left Ventuculai and Aoitii UcJi Piessuirs —The animals vveie lightiv 
anesthetized with sodium peiitobaibital befoie thtj weie saciificed, and 
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Fig. 1.—View of operative field through right thoracotomy. 



Fig^. 2._Suture at in.sertlon.s of noncoronarj* leaflet. 
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siimiltaneous pressures obtained from the aortic arch (by retrograde cathe¬ 
terization) and left ventricle (by direct puncture). In no case was a gradieirt 
demonstrated between the ventriele and the areli (Fig. 4, 4). In every case, 
the aoitic pressure complex included a shaip dichrotic notch (Fig. 4, A), 
strengthening the belief, that significant regurgitation had not been produced. 



Plfi 3.—Uxclsion of excess aorta, annulus, and cusp. Closuie of nortotomy. 

Jiffect of the Operative Procedure on Left Ventricular Weight .—^Before 
sacrificing the animals, accurate body weiglits were obtained. At autopsy, 
dis.seetion on the left ventricle was perfoiTOcd by the method of Goodale and 
Ilackel* and the dissected left ventricle weighed. The aetiial weight of the left 
ventriele was compared with the left ventricular weight which was anticipated 
on the basis of body weight aceoi-ding to the Goodale-IIaekel coefficient. As a 
control, hearts from IS dogs sacrificed in various acute experiments wore also 
weighed (Pig. 5). 

The left ventricular weights of the nonnal control dogs are .seen on the loft 
in Pig. 5. On the right, expressed ui per cent of pi'cdietcd weight, are depicted 
the left ventricular weights of the 9 chronic dogs at various times after aortic 
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Pig-. 4.—Pressures, plionocarcliogram, and electrocardiogram 3 months postoperatively (Dog 9). 



Fig. 5 .—Left ventricular weights at autopsy, expressed as per cent predicted value. Control 

dogs are at left. 


Bim Kg' 
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valve biciispidization. It is seen that in 4 cases the weights were slightly less 
than predicted, in 4 oases slightly greater, and in one case exactly the same. 
Thus, in the series studied, there is no evidence of hj-portrophy up to 6 months 
postoperatively. 

Autop’sy Findings .—Two animals died 6 da 3 ’S postoperatively, one as a re¬ 
sult of empj'cma and the other o/ heart failure. Nine animals were eleotivoly 
sacrificed at 6 weeks to 51/2 months postopcrativelj'. The reconstructed vahes 
were examined with care and sections of liver and lung taken for histologic 
study 



Pig 6—Aortic \aUc In dog (Case 10) In ^^hlch spread of aortotomj’ suture line had allowed 
valve to resume partially tricuspid structure 


In all dogs except one (Case 10), tlic valves had i-emained bicuspid. The 
prolapsed noncoronary cusp was found to be delicate and to be the seat of 
\egctatTons in no ease In Case 10, the suture line had spread approximatcl.v 
2 mm (Fig. 6). It is interesting that pressures from this animal w'erc entirel.y 
normal and that there was no evidence of a diastolic minmur on the phono- 
cardiogram, suggesting that the noncoronarj’ cusp had resumed function and 
prevented the development of aortic insufficiency. 

Excepting the dog which died of pulmonary edema in the immediate post¬ 
operative period, there was no gross cridence of licart failure in anj- animal 
One of the 9 animals studied chronicallj' had histologic evidence of chronic 
passive congestion of the liver and lungs (Table I). 
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Table I 


NO. 

weight 

1 (KG.) 

DURATION 

L. VEN¬ 
TRICULAR 

AORTIC SYSTOLIC 
GRADIENT MURMUR 

DIASTOLIC 

MURMUR 

AUTOPSY EINDINGS 

1 

12.7 

11 wk. 

0 + 

f 

0 

Valve bicuspid; no gross 
failure; chronic passive , 
congestion histologically 

2 

9.0 

6 da. 



Died of empyema; valve 
bicuspid 

3 

9.1 

18 wk. 

0 + 

0 

Valve bicuspid; no gross or 
microscopic evidence of 
failure 

4 

10.0 

20 wk. 

0 + 

0 

Valve bicuspid; no gross or 
microscopic evidence of 
failure 

5 

9.0 

17 wk. 

0 + 

0 

Valve bicuspid; no gross or 
microscopic evidence of 
failure 

6 

10.0 

6 da. 



Valve bicuspid; gross and 
histologic pulmonarj' 
edema 

7 

11.0 

22 wk. 

0 + 

0 

Valve bicuspid; no gross or 
microscopic evidence of 
failure 

8 

13.2 

7 wk. 

0 + 

0 

Valve bicuspid; no gross or 
histologic evidence of 
failure 

9 

15.9 

10 wk. 

0 + 

0 

Valve bicuspid; no gross or 
histologic evidence of 
failure 

10 

S.6 

6 wk. 

0 + 

0 

Valve had 2 mm. separation 
suture line and defunotion- 
alized valve covered gap; 
no gross or histologic evi¬ 
dence of failure 

11 

10.4 

22 wk. 

0 + 

0 

Valve bicuspid; no gross or 
microscopic evidence of 
failure 


DISCUSSION 


The fundamental geometric alteration pi'odnced by aortic valve bicnspicliza- 
tion is shown in Fig. 7. The effect on the orifice area of removing one third 
the circumference is expressed by the formula 


( J or Ay = % the original area 
\ Cy / 


in which Ax = original orifice area = 1; Ay = reconstimcted orifice area; 
Qx = original circumference = 1; and Cy = I’eeonstrueted circumference — -/s- 
Since the leaflet area which is defunctionalized or removed is one third (one 

leaflet), tfle end ratio of ^ or l.«. AW.oogir tire clcola- 

tions indicate that the bicuspid valve now has 1.49 more leaflet area than orifice 
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aioa, it IS possible tliat dctounatioii of the leaflet attnolimcnts leducos tins latio 
It IS quite cleai, houevei, fiom cN.munatioii of tlie gioss vahe, that the bicuspid 
v'aho lias more leaflet than is neccssaij to eoiei the lecoiistniefed oiifiee It is 
piobably the excess of leaflet tissue that accounts foi the aceontiiated and 
taniboni second lieait sound aftei snigei.i 

Pieiioiis studies on aoitic lahe bicnspidi/.ition'' li.ivc empb.isi/cd lemoval 
of the noncoionan leaflet as an nitegi.il part oi lahiiloplastv because of the 
fear that the inolapsod lp.iflct vvoiild cause aoifie iiisiifficieiicv The piesent 
stndv suggests that excision of the leaflet is not uiiifoinilv iiccessai’j Aoitie 
nisnfficionci did not deielop in aiii case in the picsent stiidj' In fact, in one 
of the dogs (C.ase 10) some spicadnig of the .loitotoiiii sntiiio line oceuiicd, 
lo."\ iiig a gap at one end ol the icmaimng two leaflets This g.ip was coveiod bj 
the piolapsed lo.aflot which had appaicntlv icsiniicd fiinttion 



Orifice area = 1 Orifice area = 

Leaflet area = 1 Leaflet area = Vs 

f’lfir 7—Geometric changes ifter bfcu'spuliz'ition 


The issue of ^\hctlier or not the lc<iflct must in%anal))\ ho ieiiio\ecl -woutd 
appeal to be of moie than academic mtcicst m assessing tlic potential \aluc 
of the dcsciibed pioccdiuc in the ticatment of clinical aoitic insufficiency In 
patients with leguigitation, tlic dispaiiU between a\ailablc leaflet and the oiifiee 
aica seldom exceeds 25 pei cent and is usualh less Rcstoiation of Aahc com 
pctencc wonld often not reqiuic such ladical icaiiangomcnt of ^alvc stiuctuic 
as with total bicuspidization Rathci, it A\oiild seem that tieatment could con 
sist of excision of a poitton of the noiicoroiiaiy aunnlus with actentioii of the 

tneiispid valve as suggested by Hnfnagel” Impioxeiiient in flic 

ounce aiea 

latio would occui accoiding to the amount of annulai ciicumfeicnce excised and 
the reduction in oiifiee aiea could again be calculated fiom the formula 
Ax 






as outlined abo\ e 


The opoiatno piocediiie described wonld affoid coiisidei.vble versafilitj in 
the tieatment of aortic insiiflicicnej Accoiding to the partienlar“needs of tlie 
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ease, one could excise a portion of the noncoronary annulus, excise the entire 
noncoronary annulus with defunctionaiization of the valve, or excise both the 
annulus and leaflet. In the last ease, excision of the leaflet can be done with the 
addition of only a few seconds to the operating time. 

The operative procedure in the present study was done with inflow occlusion 
and liypothormia, necessitating liaste and the routine use of resuscitative 
measures. Undoubtedly, a more desirable approach in clinical application would 
be the use of extracorporeal circulation with coronaiy perfusion. 

SUJMMARY 

1. A simplified method is described for conversion of the aortic valve from 
a tricuspid to a bicuspid structure. Under conditions of hj’pothei’mia and 
inflow occlusion, the operative mortalit.y is 10 per cent. 

2. The noncoronary cusp can be completely or partially removed with this 
technique and the valve leaflet either defunetionalized (as was done in this 
series) or removed. 

3. In dogs studied chronically, there was no evidence of plysiologically 
significant aortic stenosis or aortic insufficiency. Left ventricular weights up to 
5^/2 months postoperatively were within normal limits. 

4. The geometric alterations produced in the aortic valve after bicuspidiza- 
tion are subjected to analysis. The applicability of this technique in the treat¬ 
ment of clinical aortic insufficiency is discussed. 
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ARTERIOVENOUS FISTULA BETWEEN THE INTERNAL 
MAMMARY ARTERY AND VEIN FOLLOWING STAB 
WOUND OF THE CHEST 

A Case Report 

William E Biotvnlee, /II D ,* and Paul T AlcGaiiiiou, /IID ,** 

Kansas Cit), Kans 

P rNETRtTiNG wounds of the aiiteiioi wall ficquentlj cause injuiy to the in 
teinal inammaiv and inteicosfal vessels since the iilis aftoid veil little pio 
tectioii to these stmetmes Laeeiation of these itssels is followed hj iiitiathoiacic 
or e\trathoiacic bleeding AVhilc penctiating iiijiiiies to othei peiipheial 
vessels may losult in aiteiioienous fistula oi ancunsra, a leiiow of the litoi.ituie 
fails to levcal a lopoit of an aitcnoieiious coiiiniinncation developing in the 
mteinal mammai'j vessels following tiauma Elkin and AVaiioii,' in loviewmg 
evpeiienee in 400 patients having aitenovcnous fistulas mciiiicd duiiiig AVoild 
AVai II, eiicountcied one coiumumcation between the niteinal mammaiw aiteiv 
and ninorainate Vein Soelej and ElkiiT have reviewed 106 instawees of cither 
aiteiiovonous fistula ot talse aneui'jsm oceuiiiiig in 101 patients injmed in the 
Koiean AVai Ovei 90 pei cent ol these oeeuiied in the nppoi or lowei e\ 
tiemities, with arteiioveiious fistula occurnng twice as fiequontlj as false 
aiieuiysm 

Ctleuii and Steinberg^ have levicvved the liteiatuie on aiteiiovenous fistula 
occuiinig incident to mass ligation of vessels followniig suigieal procedures and 
lepoit a case of artenovenous fistula of the luteinal inaiiiniaij aiteij occuiring 
2 veal’s aftei ladical mastectomj 

Ai tenov eiious fistulas raaj also be congenital in oiigin, but tiauma is a 
much moie common cause A single case of congenital aiteiiovenous fistula 
ot the internal iiiamiiiai^ vessels has been rcpoited bj AVells and Hurt ■* 

The following case illustrates the occiuienee of an aiteiiovenous fistula 
between the niteinal mammaij artei’j and vein following a stah wound of the 
chest 

eVSE REPORT 

A Sojeirold Negro woman was admitted to Ivansas Universitj Mtdieal Center on 
Tan 2S, ISoS, with a history of liming been stabled in the right anterior chest -IS da}s 
previously b} an assailant wadding a kitchen knife &lit had rcctiied emcrgenei trcatni iit 

From Ihe Department of Surgery Unl\erslt> of Kansas Medical Center Ivnn*? is CitA 

Kans 

RtceiAel for publication Jan 2 1959 

•This Avork A\as done In vhole under an Americin Cancer Soclet> Clinical rclloMshlp 
held b\ Dr Brounlee present address 161G '\orth Norton Medic il Square Tucson Vrlr 
••Present atldress 920 West 4"tli Stittt Kansas Cits 1- Mo 
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^yhich included primary closure of tlie uound with sutures. Within a few hours a nainful 
relit'e S ”■ 

present. Instead a jet of blood was released which sprayed tlie office wall. The bleedina 
was controlled Mith considerable difficulty by a combination of sutines and pressine 
bandages. Sufficient bleedmg had occuired to make her noticeably weak for a few days 

Five days piior to admi.ssion she had consulted another physician who incised the mass 
and expressed several blood clots. Examination, upon admission to Kansas University 
Medical Center, levealed a nontender, fixed, pulsatile mass overlying the right pai asternal 
region from the second to the fourth intercostal spaces. The mass measured 7 by 3.5 cm. 



Fig-. 1 .—External surface of arteriovenous fistula between right internal mammary artery and 
veins shown by tangential view of the right parasternal area, 

and projected 1.5 cm. beyond the surrounding skin. On the apex there was a ciust at the 
site of the original stab wound and subsequent incisions (Fig. 1). A distinct bruit was 
heard over the mass. 

The blood pressure was 140/70 mm. Hg; pulse 80; temperature 98.6 F.; hemoglobin 
11.0 Gm.; white blood count 4,950; VDRL nonreactive. Chest roentgenograms did not 
disclose the mass and shoired a normal cardiac silhouette. 

On Feb. 1, 1958, a right parasternal elliptical incision was made around the mass. 
The internal mammary vessels were exposed over the second and fourth intercostal spaces 
without entering the thorax. The internal mammary vessels were enlarged and there was 
visible pulsation of the inteinal mammaiy vein proximally and distally to the mass. The 
internal mammary vessels were isolated and each was ligated in continuity in the second 
and in the fourth intercostal spaces to pi event subsequent hemorrhage. The mass was 
dissected free and W'as found to have a pedicle, consisting of an arteiy arising from the 
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internal mammarj arterj and \enous channels joining the internal mammary icin (Fig 2). 
The vessels in the pedicle were individually ligated and diiidcd and the wound was closed 
in lajers 

The specimen consisted of an endothelial lined ciatic structure containing blood 
clots and an orgauiying tliromlius There were no postoperatne complications. 

COMMENT 

In tills case there was <i penetrating jujury of the anterior thoiax, with 
laceration ot the internal manunary vessels. An arteriovenous fistula resulted 
and this fistula was associated with a sae tornicd by the wall of the organizing 
hematoma. There was a continuous murmur, intensified during systole, and a 



2—Diagiam of arterIO^enous fistula between rlpht Internal mammarj arterj and \ein 

pulsatile mass present. Theie were no systemic circulatory manifestations 
present in this case. The dissected specimen, showing the thico distinct venous 
channels and a single arterial vessel communicating with a common sac, con- 
finned the presence of an artcriovenoxis fistula. Surgical excision of the arterio¬ 
venous fisUila with ligation of the involved vessels was curative. 
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ASPHYXIATION DUE TO SIMULTANEOUS RUPTURE OF 
BRONCHUS AND PULMONARY ARTERY 

Ahlton V. Davis, AID.,* aiid Ben F. Mitchel, ]r., Al.D.,'* Dallas, Texas 

A NTOiBER of accident victims are dead on arrival at hospitals, and an addi- 
^ tional number die during attempts at resuscitation. In the following 2 
patients, the cause of death was asphyxiation due to bleeding from a torn pul- 
monarj'- artery into a torn bronchus. The.se cases are reported in explanation 
of some of the.se deaths and in the hope that, if this probability is borne in mind, 
an occasional patient may be saved. 

CA.se REPORT.S 

Case ].—F. W., a 9-yoar-olcl Negro girl, Avas admitted to the emergency room at Park¬ 
land Hospital (Dallas, Te.xas) shortly after 7:00 a.m. on Sept. 2, 1951. The child had been 
shot AAith a 32 caliber revolver accidentally and had either couglied or vomited a small amount 
of blood following the injury. 

On examination, the child was semi-stuporous and pulse and blood pressure were un¬ 
obtainable. A wound of entry was located in the right sixth intercostal space under the 
breast, and roentgenograms revealed a fracture and some metal fragments on the eighth 
right posterior rib and a hemopnoumothorax. The bullet was lodged in the subcutaneous 
tissues at the level of the fourth posterior rib in the right posterior axillary line. 

Initial treatment consisted of closed drainage of the right pleural .space, and administra¬ 
tion of 500 c.e. of lactate Binger’s .solution and 1,000 c.c. of blood. The blood pressure 
rose to 90/00 mm. Hg, and 1,000 c.c. of blood drained into the bottle, as Avell as much air. 

A hemoglobin determination after resu-scitation Avas reported as 14.2 Gm. per 100 c.c. of blood. 
The child’s pulse, blood pre.ssure, and general condition remained stable. 

Because of the location of the Avound, a diaphragmatic injury and, perhaps, a liver 
injury^ Avere suspected. A right thoracotomy and possible thoraco-abdominal exploration 
Avere recommended. In the operating room, induction of general anesthesia Avas accomplished 
Avithout dilBculty using cj’clopropane and ether. As soon as the endotracheal tube Avas put 
in place, a gush of blood floAved out. The airAvay Avas suctioned, the right chest Avas opened 
rapidly and the hilum of the right loAA’er lobe was first clamped Avith finger pressure and 
then Avith a noncimshing A'ascular clamp. This took approximately 2 minutes from the 
time of intubation. HoAA'CA'er, the heart aa'us in total standstill, and massage and other 
measures failed to reinstate cardiac contractions. 

At postmortem examination, the diaphragm Avas not perforated but there Avas an area 
Avhere the bullet grazed the diaphragm. Immediately beneath this there Avas a subcapsular 
contusion of the dome of the liver with a slight tear in the capsule. 

The right lung Aveighed 240 grams and there Avas evidence of fresh and old blood in 
the bronchi. A hole, measuring 4 mm. in diameter, aa'us found on the inferior surface of 
the right loAver lobe. The lobe Avas distended and firm. The loAver portion of the middle 
lobe appeared similar. There Avere blood clots and some fresh blood seen throughout the 

Received for publication Jan. 14, 1959. 
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bronchi on the nglit side TJio buJIet hnd appnrcntl^ traversed a se^rmental bronchus to one 
of the basal segments of the nght lonei lobe and had also made a hole in the adjacent 
segmental pulmonary arterj. 

The left lung weighed 150 grams, contained a moderate amount of blood in the 
bronchi, and a large amount of frothy bloodj material with a few clots 

Case 2—S H, a C year old white girl, was admitted to the emergency room at St 
Paul Hospital (Dallas, Texas) a little after 1 00 rM on Deo 20^ 1058 The cliild liad 



Fiff 1—Roentgenogram taken with a horizontal beam the patient lying on the right 
side shows nght tension pneumothorax mediastinal shift, and mediastinal and CGr\ical 
emphj sema 

been struck by a xehicle while crossing the street She reached the emergency room ap* 
proximately 45 minutes after the accident 

Initial examination retealed an abnsion of the left temple, a comato'-e, nonrcspousito 
child with no perceptible pul'io or blood pressure, with the following ^salient points noted m 
the physical examination* The pupils were dilated, reacted to light, and appeared equal 
Tliere was moderate subfascial cervical omphysema bilaterally and moderate subfascial 
pectoral emphysema on the right. The breath sounds were absent over tho right chest, 



BOW MATTRESS SUTURE FOR CHEST CATHETERS 


James Beuiaid Seaman, y\I D ,* T)le>, Texas 

W E PROPOSE a metliod of pie\ention of air and fluid leakage about a chest 
cathetei in place, and tliiougli tlic tube wound aftei the cathetei has been 
withdraim 

No one can deny that lack of contiol of f]ie situation can add to pleuial 
space pioblems such as pneumothoia\ and empyema, espeeialh ivhen negatne 
pleiual space piessiuo maj bo moidmatclj high, and add to loss of fluid into 
a diessing iiith invitation to iiiftctioii 

Since 1947 we ha\e seen inaiii methods of contiol used The piesent tech 
niqno has been omplojed foi niaiii months and has been adopted as a standaid 
pait of 0111 legimeii 

It consists essentially of a lioiizontal matticss siituie of 0 cotton {Fig 1) 
thioiigh the skin and subcutaneous tissues with the loop oi bight aioiind the 
cathetei and with the siitiiie ends iiormallj located ceiihalad to facilitate latei 
e\ti action of the cathetei bj an assistant, and lung of the knot by the opeiatoi 
This suUiie nia> be applied oithei befoic oi aftei the cathetei is placed in 
position in the chest w all 

AVith the catheter in place, a fnctioii knot (fiist knot oi double oieihand of 
a suigeoii’s knot) is then tied A double bow knot is then tied seeiireh with 
the sutuie ends longei than the bows This senes then as a ptiise stiing suture 
thioiigh the soft tissues, about the cathetei, which effectiiely seals against mo\e 
nieiit of an oi fluid 

A small clamp oi the mosquito t>pc is then placed neioss the bows and 
sutuie ends until the tune of seeming the wound diessing The clamp is lifted 
to make the sutuie taut alongside the cathetei and iiaiiow adhesne tape is 
placed aiouiid the cathetei m spiial fashion seeuiing the suture mateiial to 
the cathetei The cathetei is thus doubh seciiicd and tugguiig on the cathetei 
01 conncctiiig hose senes oiilj to tighten the soft tissues about the cathetei 
Being pindent, we attain additioii.il piotcetioii with tape ovei the skin, onto the 
diessing, and onto the c.athctei 

Ill lemoving the c.itlietei one simph giasps the sutuie (bows and ends), 
unwinds the spiial tape, unties the bow as when untiing shoe stiings, and 
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loosens the friction loiot if necessary witli a clamp. An a.ssistant extracts the 
catheter on command, and the opez-ator promptly pulls the friction knot tight 
and completes a sui'geon’s knot. 




zzzzzs- 

Pie. 1. 

"We have experimented with many methods and are of the opinion this is 
the best. It may be oiaginal with us. There has been no fluid or air exchange 
about the catheter, no tissue necrosis, and no early or late abscess of the chest 
wall. If no assistant is available the routine may be followed successfully by 
one individual. There is one precaution—if one is forced to use a soft catheter 
one must be careful not to obstruct the lumen when tying the friction knot. 




Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 

Notice of Annual Meeting 

The Foitiotli Annual Jlceting of The Ameuean Associalion foi Thoiaeic 
Suigci} Mill 1)0 hold Jlay 11, 12, and 13, 1960, in Miami Bench, Florida Ilead- 
quaiteis \nll bo the Deau\illo Hotel 

Requests for Hotel Reservations 

These should bo mailed diroetlv to Mis Mildied Sandei, Resenation Man 
agei, DcauMlle Hotel, Jliami Beach, Ploiida Please mention this Association, 
the ttpo of accommodation desiicd, the date, and appio\imatc hoiii of aiinal 
and departuio If accommodations aic desiicd clsculieie please eommunieate 
diicetl} Mitli the hotel of join choice 

Material for the Program 

SciENTiiic Parras—Abstiacts of all papci's pioposed foi presentation at 
the 1960 meeting must he tcccivcd on oi hefoic November 15, 1959, otliei- 
Miso they M'lll not be consideied by the Piogiam Committee These should he 
labeled “For Thoracic Surgeiy Foium” oi “Foi Eegulai Piogiam” depending 
upon the natuie of the subject mattci, in the same mannei as in piciious jeais 
Thej should contain fiom 200 to 250 uoids that aceuiately icflect the content 
of the completed paper 

Six, repeat, six cleaily legible copies of each abstract must bo sent to Miss 
Ada Haniey, Administratiie Assistant, The Amoiican Association for Thoiacie 
Suigeiv, 308 Caiondelet Building, 7730 Caiondolet Aienue, St Louis 5, JIis 
soui 1 

Essajists selected foi the progiam aic icminded that papeis piesented at 
the meeting must be handed to the secictaii iinvicdiatehj aftei then piesenta 
tion If they aie not leadv at that time theie is a eliance that thei Mill not be 
published in The Journii, or Thoracic aisd Cardioi ascul ir Suroery 
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Applications for Membership 

Applications for Associate Membership in tlie Association must be received 
by the iMembership Committee not later than November 15, 1959, othenvise the 
application will be defen’ed for consideration until tlie 1961 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on tlie application form, the sponsors 
will foi’ward a separate letter concerning the applicant directly to: 

Frank Gerbode, M.D. 

Chairman of the IMembership Committee 
Stanford Univei'sity Hospital 
San Francisco 15, Califoniia 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Chairman of the Membership Committee should their applicants 
be held over for reconsideration a second year. 
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Original Com munications 

STUDIES OF PULMONARY DIFFUSION AFTER 
OPEN HEART SURGERY 

Robert /. Schramel, Ai.D. (by invitation), Robert Cameron, M.D, (by 
invitation), Morton M. Ziskind, M.D. (by invitation), Maurice 
Adam, M.D.* (by invitation), and Oscar Creech, Jr., AI.D,, 

New Orleans, La. 

S INCE the earliest days of open heart surgery witli exti'acoi-poreal circulation, 
there liave been reports of severe pulmonary complications developing 
after operation. While increasing experience has done much to reduce the 
incidence of these complications, a large proportion of patients still require 
assisted respiration, tracheostomy, and prolonged oxygen therapy during the 
postoperative period. It is correct perhaps to assume that any functional 
alteration in the lungs, resulting from extracorporeal circulation, is due to injury 
to the pulmonaiy capillaries or the alveolar membrane and that this is reflected 
in alterations of pulmonary gas diffusion. This report is concerned with 
measurements of the carbon monoxide diffusing capacity (Deo) in human 
beings and in experimental animals before and after cardiopulmonaiy bypass. 
The “steady state” diffusing capacity' for carbon monoxide is ideally suited 
to the studies of tliese patients since it permits some assessment of ventilatory 
function, as well as the diffusing function of the lung, without requiring any 
unusual effort on the part of the patient. 

From Uie Departments of Surg-ery anrt Mefllcine, Tulanc University, and the Cardiopul¬ 
monary Laboratory. Veterans Administration Hospital. New Orleans, La,, Charity Hospital of 
Louisiana, and Touro Intlrmary. 

Supported in Part by the Louisiana Heart Association and U.S. Public Health Service 
Grant HTS-5170, the Jones County Texas Tuberculosis Association, and the Tuberculosis As¬ 
sociation of Greater New Orleans 

Read at the Thirty-ninth Annual Moctine of The Anieiican Association for Thoracic Sur- 
Ker>' at Los Angeles. Calif., April 21-2S, 1959. 

•Fellow, National Institutes of Health. 
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:methods 

Carbon monoxide diffnsing capacity (Deo) was determined by the method 
of Pilley, Macintosh, and Wright* with a few modifications. To minimize 
hypoxemia, the subjects inspired a gas mixture of 0.1 per cent CO in 30 per 
cent O 2 rather than the usual 0.1 per cent CO in air. Carbon dioxide pressure 
was calculated after detennination of the pH, hematocrit, and CO 2 content 
of arteiial blood. Seven adult patients had carbon monoxide diffusion .studies 
done preoperatively and, on several occasions, after open heart .surgeiy. 
Diagnoses in these patients are listed in Table I. Only 1 patient (No. 6) 
had any evidence of intrinsic pulmonar.y disease. Tiiis was marked by elironie 
cough with expectoration associated Avith excassive smoking. Determinations 
Avere additionally performed on 2 patients undergoing tiioracotomy Avithout 
cardiopulmonaiy bA^pass. 


Table I. Clinical Studies 


PATIENT 

NUMBER 

INITIALS 

AGE 

DIAGNOSIS 

1 

H.D. 

30 

Aorta-RA fistula 

2 

Z.M. 

47 

Mitral insuiScienev 

3 

J.M. 

27 

Aorta-RV fistula 

4 

N. C. 

18 

Atrial septal defect 

5 

H. S. 

29 

Ventricular septal defect 

6 

A.M. 

52 

Atrial septal defect 

7 

J. J. 

32 

Aortic stenosis 

8 

Y. F. 

32 

Mitral stenosis* 

9 

J. T. 

65 

Hiatus hernia* 


*Not on extracorporeal circulation. 


Preoperative and postoperative determinations of diffusing capacity Avere 
also performed on 5 mongrel dogs undergoing unilateral thoracotomy of 15 
minutes’ duration. In another group of 5 dogs, determinations (Deo) were 
made before and after establishment of extracorporeal circulation Atithout 
thoracotomy. This Avas done by inserting No. 18 Pr. polyethylene catheters 
into the right atrium through the common femoral and external jugular veins. 
These Avere comiected to the venous line of a DeWall bubble oxygenator. 
Oxygenated blood Avas returned to the animal through a femoral artery. Tavo 
additional dogs were studied before and after cardiopulmonaiy bypass es¬ 
tablished through a right thoracotomy. In these animals, extracoiporeal 
circulation and inflow occlusion Avere maintained for 15 minutes. In all ani¬ 
mal experiments, a cuffed endotracheal tube was inserted. Animals were 
anesthetized AAuth veterinarj^ Nembutal 15 mg. per kilogram of body weight 
Further anesthesia was provided by continuous intravenous administration of 
Nembutal in dilute solution (6 mg./c.c.) so that the respiratory rate was main¬ 
tained at 18 to 30 per minute. Ventilation during thoracotomy in animals was 
maintained by an automatic respirator utilizing room air. The hmgs were 
not inflated during eardiopulmonarj^ bypass in dogs or patients. 

A DeWall pump-oxygenator system Avas used in all animal experiments 
and in Patients 1 and 3. Oxygenation was obtained by bubbling 100 per cent 
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0- thiougii the blood m this system lu the lemaining patients, a Kay Cross 
rotating disc oxygenator r\as used In this system, oxygenation rvas seemed 
bj exposing blood to a mixture of 95 pei cent 0- and 5 per cent OO 2 

A11 patients subjected to open heart surgery rn this study yycre considered 
good operatiye risks Pei-fusions in all instances rveie conducted at maximum 
Iloyy rates, that is, limited only by' the volume of yenous retrini Satisfactory' 
repair of all defects yyas accomplished yvith the exception ot Case 2 in 
yvhom significant mitral regurgitation persisted after operation No post 
operatiye pulmonary complications of unusual magnitude appeared except in 
Case 2 Temporary atelectasis of the left loner lobe oceuiied in Case 6 and 
responded to bionchoscopic aspiration 



DAYa AFTER OPERATION 

Fir 1—Carbon monoxide diffusing capacity before and after open heart operations O on 
the ordinate represents a preoperative determination •nhich ma> have been done 1 to 7 days 
before operation 

RESULTS 

In erch of the 7 patients, undergoing open heart surgery, there yyas an 
increase in total yentilation (Vt) after operation, hut in no instance did it 
exceed 15 per cent of the predicted maximum breatlung capacity (3IBC) for the 
indiyidual Tidal yoluine (Vt) yvas essentially unchanged or reduced im 
mediately folloyying operation The physiologic dead space (Vd) yyas incieased 
in all patients except No 5 In part, this could be accounted for on the basis 
of an increased frequency of respiration, but it more likely lepiesented an 
unfay oiable alteration of the y entilation perfusion relationship in the nn 
mediate postopeiative period For the most part, alveolar yentilation (Va) 
yyas effectiyely maintained Tyyo patients (Nos 4 and 6) exhibited small 
reductions of Va and there yyeic increases of similar magnitude Ventilation 
equivalent (Yo [cc/min] Vi, [L/min]) yvas yyithin noniial lange, both 
before and after opeiation in all cases except No 2 in yyhom it yyas slightly 
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abnormal. Oxygen consumption increased somewhat after operation, usually 
from the fourth to the eleventh day, and then returned to control levels. The 
diffusion capacity for carbon monoxide, however, was uniformly reduced 
after opei’ation to 25 to 40 per cent of preoperative values (Fig. 1). In 3 
cases (Nos. 1, 3, and 4), the lowest values were still mthin the accepted range 
of normal for these laboratories. In the remaming 4 patients, depression to 
definitely abnonnal levels was observed. In 4 patients (Nos. 1, 3, 4, and 5), the 
control values were at the upper limits of normal. All of these patients had 
left-to-right shunts of considerable magnitude. In onlj^ 1 patient (No. 6) 
with a left-to-right shunt was the Deo reduced below normal prior to operation, 
and this patient had chronic lung disease. 


Table II. Clinical Studies 


PATIENT j 

DAYS 

i Vi. i 

1 Vt 

1 v„ 1 

Va 

1 Vo, 

1 pCO, 1 

Deo 

No. 1 

0 

4.39 

334 

69 

2.54 

156 

40 

25.7 


4 

6.36 

338 

122 

3.24 

196 

38 

19.3 


11 

5.80 

386 

159 

3.29 

159 

34 

13.9 

No. 2 

0 

4.22 

336 

95 

2.46 

138 

44 

10.4 


1 

6.82 

272 

103 

3.11 

142 

35 

3.8 

No. 3 

0 

2.64 

459 

90 

1.82 

115 

40 

27.6 


1 

4.00 

317 

118 

1.46 

137 

47 

17.4 


5 

5.49 

464 

165 

3.01 

163 

40 

10.7 


13 

5.08 

505 

132 

3.29 

164 

41 

10.5 


26 

3.93 

546 

121 

2.73 

144 

41 

17.9 

No. 4 

0 

3.97 

506 

127 

2.90 

124 

36 

28.0 

4 

4.01 

295 

98 

2.08 

170 

46 

11.4 


13 

4.65 

387 

152 

2.31 

147 

45 

14.5 


27 

3.64 

364 

134 

2.10 

123 

43 

19.6 

No. 5 

0 

3.20 

280 

68 

1.90 

132 

42 

18.9 

1 

3.37 

278 

70 

1.90 

117 

41 

7.0 


3 

3.37 

303 

78 

2.00 

129 

40 

5.9 


24 

4.14 

333 

83 

2.50 

157 

37 

10.0 

No. 6 

0 

4.08 

377 

73 

2.78 

136 

35 

10.0 

3 

4.91 

308 

134 

2.05 

153 

43 

5.2 


9 

4.76 

380 

132 

2.53 

146 

41 

9.2 


21 

3.90 

457 

154 

2.01 

131 

40 

10.6 

No. 7 

0 

5.62 

546 

181 

3.26 

188 

39 

15.5 


1 

8.73 

424 

226 

3.14 

215 

39 

5.4 


3 

7.94 

466 

223 

3.38 

236 

45 

8.5 


10 

6.26 

520 

212 

3.17 

229 

42 

O.H 


24 

4.96 

520 

210 

2.80 

166 

40 

12.0 


37 

5.20 

552 

212 

2.78 

140 

37 

13.8 

No. 8 

0 

1 

4.93 

3 77 

368 

264 

99 

66 

3.6 

3.42 

174 

140 

42.5 

43 

12.7 

5.31 


4 

4.37 

306 

68 

3.38 

176 

44 

7.22 


11 

17 

4.79 

4.04 

278 

285 

58 

66 

3.8 

3.1 

154 

152 

39.5 

42 

7.26 

11.7 

No. 9 

0 

1 

5 

8 

3.32 

1.80 

2.87 

3.40 

598 

275 

474 

465 

176 

82 

140 

141 

2.32 

1.27 

2.02 

2.32 

149 

113 

147 

153 

40 

43 

39 

35 

16.3 

7.64 

15.8 

14.6 

Vl = Minute ventilation (Li./min./M.-) 

Vl “ 

Yfj — 

Alveolar 

ventilation 

consumption 

(i-r./min./AVA,-/ 

(c.e./min /M -) 

Vt = Tidal 

volume 

(C.C. ; 


Deo = 

DifEusinff capacity for CO 


Vi) = Dead 

space ( 

c.c.) 


(c.c./min./mm. Hg-) 
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In i patients of tliis series, Deo was measured using 0.1 per cent carbon 
monoxide in room air. In tliese 4 patients, the loucst values of Deo wore 
as.soeiated with the development of arterial hypoxemia. Tliis hypoxemia was 
moderate in degree, ranging fioin 74 to 88 per cent.-' Values for pH were 
normal or slightly elevated in those patients who had pronounced increases 
in alveolar ventilation. The pCO; was closely related to the alveolar ventila¬ 
tion which it followed in the expected manner. One patient studied before 



Fig 2—Carbon monoxide dlfCuslng capaclt' before and after tlioracotomy without cardlo- 

pulnionan b>p'i«s 



Fig 2 —Carbon monoxide diffusing capacity before and after unilateral tlioracotoin> In the dog 

and after a closed valvulotomy for mitral stenosis sliowed a pattern of respira¬ 
tory function after operation similar to that of the patients undergoing open 
heart surgery, in that the extent and duration of depression of Deo was about 
the same. Another patient studied before and after transthoracic repair of 
hiatus heniia developed a marked depression of the Deo on the first post¬ 
operative day, which reverted to noi-mal, however, by the fifth postoperative 
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of th^ D tto^otomy, there ™ a depression 

oI the Deo on the first postoperative day with a gradual return to control 



Fig-. 4.—Carbon monoxide diffusing capacity before and after perfusion without thoracotomy 

in the dog. 



Fig. 5 .—Carbon monoxide diffusing capacity before and after cardiopulmonary bypass with 

right thoracotomy in the dog. 

levels (Fig. 3). The fifth dog showed essentially no change. In 2 of the 4 
animals tested before and after perfusion without thoracotomy, there was 
essentially no change in the Deo (Fig. 4). In 1 dog, a marked depression of 
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pii monarj- capillaiy bed. Conclusive evidence regarding this could be deter¬ 
mined by measuring the pulmonary artery pressure and the cardiac output 
postoperatively. If there is a progressive reduction in the size of the available 
pulmonary capillaiy bed this should be accompanied by increasing pre.ssure 
in the pulmonary artery or a decrease in cardiac output or a combination of 
these two factors. 


It is probable that the obseiwed reduction in Deo is due, at least in part, 
to an alteration in the characteristics of the alveolo-capillaiy membrane itself. 
Several factors must be considered of etiological significance. Among these 
are the prolonged inhalation of high concentrations of oxygen, the use of 
positive pressure during anesthesia, mechanical trauma to the lungs from 
handling, drying, etc., and factors introduced in the technique of perfusion. 
It is recognized that injury to the pulmonary membrane does occur, as detailed 
in the reports of KoltP and jlluller’^ and their associates. The histologic 
lesions described by Dodrill® probably also fall in this category of injury 
secondary to the technique of peiTusion or possibly to agents employed in 
peirfusion. This would not, however, account for the decreased diffusing capacity 
observed after thoracotomy alone and it is probable that other factors related 
to operations ■within the thorax are at least as important in this regard as 
overloading of the pulmonary eircrrlation during perTusion. All of these 
factors relatirrg to alterations irr the pulmonary membrane and in pulmonary 
blood flow are susceptible to evaluation; however, such strrdies would be difficult 
to carry orrt in hrrraan beings since exercise arrd sampling of mixed venous blood 
would be rreeessary. 

The difference observed between these patierrts and patients spontaneously 
developing an alveolar capillary block are of nrore immediate interest and inr- 
portance. It is eharaeter’istic of patierrts with alveolar capillary block that 
hj’perventilation, particularly alveolar hyperventilation, is present. This is 
presumably due to hypoxemia and is mediated through stimulatiorr of the 
chemoreeeptor system. Because of the greatly increased diffrrsibility of carbon 
dioxide, these patients invariably have a reduced pCOo. In the patients of 
this serdes in whom measurements were performed, using 0.1 per cent carbon 
monoxide in room air, definite hypoxemia was present, corresponding to the 
depression in Deo- The response of these patients to hypoxemia was ineffectual. 
It should be emphasized that alveolar ventilation was normial or at least very 
near the preoperative measru’ement for the individual, yet there -^vere a need 
and a stimulus for the development of hyperwentilation, but tlris did not take 
place. The cause for this failure of response is not clear. It may be due to 
reflex inhibition of respiration by stimuli arising from the incision and from 
the areas of pleuritis. There may be additional inhibition of the chemore- 
ceptor system by narcotics. Another possibility that mirst be consrdered is 
that some form of reversible, damage to the chemoreeeptor system has occurred 
as a direct result of operation or of perfusion. 

Since interference with diffusion after operation may be severe and srnce 
it has been demonstrated to be entirely rever-sible, proper management of these 
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patienk duniis t'le penod ol iiidxiimun dcpiession is inipoitaiit Tins pai 
tieular gioup of patients was selected foi studj because ot the fact tliat they 
had toleiated tlieu opeiative piocedine well and weie coiisalcscmg satis 
factoiily, tile lone exception being patient No 2 It is piobable that these 
changes occur to an eieii nioie jiiaihed degjee in those patients in iiJioin 
lespiiatoiy iiiadeiiiiaey is evident postopeiatixely It would appeal that tieat 
ment should iiixohe elevation of the paitial piessuie of oxygen m the aheoli 
and that this could be aecoiiiplishtd by deeieasiiig the dead space, by the ad 
miiustiatiou of high concentiatioiis of 0 x 3 gen, and by iiieicasing the tidal 
\oluiue Decrease in the dead space can be cftccted by means of tiaeheostoni} 
and the doliveiv’ ot an ineieased tidal toliinie can be acconiphslied b 3 use of 
icspiiatoi-s, paitieiilaily those designed to delnei a specific tidal volume 
These ineasuus while the best available for treatment of postoperative hypox 
emia, must be Liiiplo 3 ed with leseiTatioii until their effects on cardiac output, 
pulmonary blood flow and tlie alveolar capillaij merabiaiie 111 postoperative 
patients are Known 


suMU ritx 


The dilfustng iwpaiiti ot loihoii monoxide has been studied in 7 patients 
befoio and aftei o[iru inri n itdiac opeiations, ni 1 patient after closed mitial 
xahulotoni}, and m 1 iiatient attei transthoracic lepaii of a hiatus heinia 
Depression of Deo tollowid ail or these opeiations m the immediate post¬ 
operative peiiod Vflw tin iufia< rdiac pioeeduies, this depression persisted 
foi C to 14 da 3 s Time was i lapi I ' tnm to a iioiinal Deo m the patient 


undeigomg hiatal htiiiioirliaphv 

The effect oi tl m ' »in alom i Iiopuhiioiiai? bjpass alone, and 
lhoiaeotom3 with laidmi.bi.i v 1 > pas- v is studied in a gioup of dogs 
All animals dcmoiistiafed an iino b le post peiative reduction to Deo and 
this appealed t > b< ol longer duiation in tin miinals additionally subjected 
to caidiopiiln nim bvpass Caidiopulinonan bj-pass alone was followed bj 
110 consistent 1' uigi s m the Deo 

The desii ' ddv ot deteiimmiig the lelative contribution of membiane 
Jainu-e and ah .rd pulmouan ei.ciiation to the diffusion detect is evident 
The madequao t patient response to this detect is stiiKing Thcapj con 
sists in leducm. 1 id space, adn.niistiat.on of high concentrations of oxvgcn, 
mciciisiiiji tin ttJsl lohiJiii’ 
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Discussion 

. DR. JOHN H. GIBBON, Jr., Philadelphia, Pa.—I can’t let this nice paper go without 
making some remarks. As usual, it is an excellent study from Dr. Creech’s group. 

It is a field which has interested me for quite a number of years. I believe that post¬ 
operative pulmonary dysfunction after cardiopulmonary bypass accounts for a good deal of 
morbidity and mortality. 

It appears to me, as Rubin Lewis sitting beside me said, that the depression of 
pulmonary diffusion lasts about as long as the respiratory excursions are limited by the pain 
of the operative wound. There is no paralysis of the diaphragm. There is no accumulation 
of blood or air in the pleural cavity, but there is limitation of respiratory activity from 
pain, lasting about 8 to 10 days. I wonder whether this depression of CO. diffusion doesn’t 
parallel the period of wound healing. A nice clieck would be to do a lower abdominal 
laparotomy and see whether the same interference with CO. diffusion occurs. 

I would like to again congratulate tlie authors on a very excellent paper. 

DE. JOHN C. JONES, Los Angeles, Calif.—I would just like to ask the authors if 
they employed the use of helium with oxygen in the treatment of any of these patients. 
Would it not be worth while trying? 

DE. GEOEGE W. WEIGHT, Cleveland, Ohio.—Tliose of you who have never had to 
work with this technique probably don’t appreciate the difliculties and the obstacles that 
one has to overcome in such a study. 

I am interested in asking the authors what the range of variation is for this technique 
in their hands in normal individuals, and certainly in the preoperative group. Wlien wc 
were developing tliis method we found that we were unable to repeat duplicate runs with 
better than about a 10 to 15 per cent variation. I think this will have some bearing on the 
magnitude of the changes shown in this study, but I don’t want to infer that this would 
bear on the direction of change. 

DE. EDWARD J. BEATTIE, Jk., Chicago, Ill.—I enjoyed this very excellent presenta¬ 
tion. 

There is one comment that I would like to add. Dr. Archer Gordon, when working in 
our laboratory, studied patients having major abdominal surgery, over a period of several 
days postoperatively. He found that although the patient was doing well clinically, most 
of the patients in the course of 48 hours postoperatively had arterial oxygen saturations of 
90 per cent or below. I do not believe that this problem is confined to chest surgery. 

DE. SCHEAMEL (Closing).—I should like to tliank Drs. Gibbon, Jones, Wright, and 
Beattie for their comments. 

To answer Dr. Gibbon, it is certainly true tliat tiiis does parallel the healing of the 
wound and this could represent a total reduction of lung volume. However, alveolar ventila¬ 
tion was normal in these patients, and we have no definite evidence as to the over-all size of 
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the altcolar capiUury mombruno after operation, other than this study. It is possible that 
reducing the area on the basis of spUuthig could occur. 

Pr. Jones, wo did uot use helium in any of these patients postoperati^ely. 

Dr. Wright, our range of normal iii thc-sc patients—we used essentially the same levels 
as observed by you. Our variation on prcopcrativo deternnnations in tlic same individuals 
runs about 10 to 15 per cent. T/io direction of variation, as you pointed out, howaver, was 
all ill the same way, all downwind, and I think if vou just moved the whole thing up or 
down 15 per cent it wouldn’t mako a groat deal of differonve 

We Imvo not conductoil these measurements in patlOut^ after abdominal surgery. 
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Discussion 

, DR. JOHN H. GIBBON, Jr., Philadelphia, Pa.—I can’t let this nice paper go without 
making some remarks. As usual, it is an excellent study from Dr. Creech’s group. 

It is a field which has interested me for quite a number of years. I beUeye that post- 
operatiye pulmonary dysfunction after cardiopulmonary bypass accounts for a good deal of 
morbidity and mortality. 

It appears to me, as Rubin Lewis sitting beside me said, that the depression of 
pulmonary diffusion lasts about as long as the respiratory excursions are limited by the pain 
of the operative wound. There is no paralysis of the diaphragm. There is no accumulation 
of blood or air in the pleural cavity, but there is limitation of respiratory activity from 
pain, lasting about 8 to 10 days. I wonder whether this depression of CO. diffusion doesn’t 
parallel the period of wound healing. A nice check would be to do a lower abdominal 
laparotomy and see whether the same interference w'ith CO. diffusion occurs. 

I would like to again congratulate the authors on a very excellent paper. 

DR. JOHN C. JONES, Los Angeles, Calif.—I would just like to ask the authors if 
they employed the use of heliiun with oxygen in the treatment of any of these patients. 
Would it not be worth while trying? 

DR. GEORGE W, WRIGHT, Cleveland, Ohio.—Those of you w'ho have never had to 
work with this technique probably don’t appreciate the difficulties and the obstacles that 
one has to overcome in such a study. 

I am interested in asking the authors what the range of variation is for this technique 
in their hands in normal individuals, and certainly in the preoperative group. Wlien we 
were developing this method we found that we were unable to repeat duplicate runs with 
better than about a 10 to 15 per cent variation. I think this will have some bearing on the 
magnitude of the changes shown in this study, but I don’t want to infer that this would 
bear on the direction of change. 

DR. EDWARD J. BEATTIE, Jk., Chicago, Ill.—I enjoyed this very excellent presenta¬ 
tion. 

There is one comment that I would like to add. Dr. Archer Gordon, when working in 
our laboratory, studied patients having major abdominal surgery, over a period of several 
days postoperatively. He found that although the patient was doing well clinically, most 
of the patients in the course of 48 hours postoperatively had arterial oxygen saturations of 
90 per cent or below. I do not believe that this problem is confined to chest surgery. 

DR. SCHRAMEL (Closing ).—I should like to thank Drs. Gibbon, Jones, Wright, and 
Beattie for their comments. 

To answer Dr. Gibbon, it is certainly true that this does parallel the healing of the 
wound and this could represent a total reduction of lung volume. However, alveolar ventila¬ 
tion was nomal in these patients, and we have no definite evidence as to tlie over-all size of 
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the aheolar capillary incmbiaiio aftei operation, other than this study. It is possible that 
reducing the area on the basis of splinting could occur 

Dr. Jones, \\o did not use helium m anj of these patients postoperatia ely 
Dr. Wright, our range of normal iii these patients —wa used essentially the same levels 
as ubsGr\ed bj jou Our \anation ou prcoycrative deterimiiatioiis in the same individuals 
runs about 10 to 15 per cent The direction of vaiiation, as jou pointed out, houever, was 
all in tlio same waj, all donnuard, and I tlunk if you just mo\ed the whole thing up or 
down 15 per cent it wouldn't make a great deal of ditfeience 

We hi\o not londuitid tlio'ie me isurcments in patients after abdominal surgerj 



CLINICAL RESULTS OF CORRECTION UNDER 
HYPOTHERMIA OF ATRIAL SEPTAL DEFECTS 
AND PULMONARY VALVULAR STENOSIS 

Barle B. Mahoney, M.D., fames A. Manning, M.D. (by invitation), James A. 
DeWeese, M.D. (by invitation), and Seymour 1. Schwartz, ALD. 

(by invitation), Rochester, N. Y. 


T he ^methods for surgical correction of intracarcliac lesions have undergotio 
a rapid- transition from the initial blind or closed methods to the present- 
day open heart procedures utilizing eardiopulmojiary bypass with extracor¬ 
poreal circulation. The initial open heart procedures were made possible bj" 
general hypothermia which results in reduced body metabolism and allows 
circulatory occlusion for limited periods of time without brain damage.^’ - The 
use of hypothemie techniques has not enjoyed widespread acceptance, primarily 
because of the short time allowed for intracardiae manipulation and the dan¬ 
ger of refractive ventricular fibrillation. In spite of these potential difficulties, 
a number of surgical centers have been enthiisiastic advocates, and they have 
reported highly acceptable series of operations using this technique.^- ° The 
technique is now used primarily for the correction of pulmonary valvular 
stenosis, atrial septal defects of the secxmdum type, and for the less com¬ 
plicated varieties of abnormal pulmonary venous drainage usually associated 
with high atrial septal defects. The present trend, however, in many centers 
is to employ cardiac bypass tecluiiques for all intracardiae procedures. The 
purpose of this paper is to review the clinical effectiveness of the hypothermic 
technique which we have used and, in paidicular, to assess the surgical prob¬ 
lems involved and the long-term clinical results. 


CLINICAb MATERIAL 


During the past 31/2 years, 35 patients have had, under hypothermia, re- 
paii’ of atrial septal defects, pulmonary valvulai' stenosis, and partial anoma¬ 
lies of the pulmonary venous return. These patients will be considered in 
two groups: first, valvular pulmonic stenosis, and second, atrial septal defects. 


Prom the Department of Surgery and the Department of Pediatrics, University of Koch- 
ester School of Medicine and Dentistry, Rochester, N. Y. „ . or,a 
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Valvular Pulmonic Stcnoms.-^inetecii imtients have hiul inilmon.uN 
valvulotomies. Thiee of these had significant ostium seeuiulum tlclee .s u 
left-to-nght shunting, and 1 had a partial anomaly .u 
with the right pulmonary veins draining into the ng >l “, n 
patients were in the pediatric age range from 5 to 14 yeai^, ^ ^ ‘‘‘J' ^ 

from 19 to 37 yea«. All patients had definite symptoms ; the ' ^ 

decreased exercise tolerance with fatigability and dyspnea " “ ' 

Intermittent palpitation, chest i.ain, and cyanosis were ' 

One girl of 19 years had termination of a pregnancy 

breath, before being referred for evaluation, fine man ot oO jea.s a„e 
had frank congestive heart failure. _ ' 

The patients were all well developed except 1. AU 
blc systolic thrill high along the left sternal border and " 
murmur. All patients had a markedly diminished or absen > " ‘ 
sound. The lluoroseopie examination revealed a piomimn . 1 ^ 

conus and enlargement of the right ventricle in all f I. 
with atrial septal defects had increased puhuonary ^ 

mainder had relatively clear lung fields, 

right axis deviation and right l.mst .narked in those pa- 

ii;:;iSi;;:ing thifidghe^‘i~ «"'‘*"''V'::md 

operative eardiae of valvular stenosis, and 

i; m: riid ventricular pressure was 100 .. Hg or 

more. , • i 

4 . , c. / / —Sixtecu paliouts have luul closure ot auricular 

Auricular iScpial hvnolhermia, 'I’hese are in ad.li- 

septal defects by the 1;“ pulmonary valvular stenosis, who had 

tioii to the 3 patients elas.s.fRd n I valvulotomy, and the 

atrial septal defects elomu a - drainage. One 

patient who had correction ' pulmonary steno.sis and correction 

•of the IG had i.' ^ l.".dL,rie, age range, between 

ot both defects. i'V' ve 1 j. ;j| ;j;j_ ,imi ;jg y,.|irs of ago. All 

5 and l-i years, and 4 well ado . p„lialrie age have had growth 

patients had .significant "y'"'”';’ . ; ,1;,;,' .^iu, exertional dyspnea, fre.iueut 

retardation, many have had wiu, exertion or during 

w-r- .. ,„h .h,». 

respiratory n. ect.ons, ^ l,„,P „£ ,mthenie Ijab.tns ami 

described by lau.ssig. In gn ■ . , , ...nmnsshed None of the patients 

i-™-.•i'—'*.r'ri'r:;;;-"~™c 

i::: ..X.-. ;■<« ■; ““r;,'::"”; 

inter.spaees at the left sternal bonier and Iransm.tte.l . 

Ifi had soft mid-diastolie mnri.mrs along the lett stem 
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Fluoroscopy revealed significant cardioniegaly in all 16 patients except 
the 1 with pulmonary stenosis. All patients had a prominent right atrial 
shadow and enlargement of the right ventricle; all had an enlarged full pul¬ 
monary conus with increased pulmonary vascularity and intrinsic arterial 
pulsations. ^ riicrc was no evidence of an enlarged left atrium or left ventricle 
in any patient. The electrocardiographie findings were as follows; 11 had 
light axis deviation, 4 a normal axis, and 1 a loft axis deviation. Only 4 
patients had clear-cut electrocardiographie evidence of right A'^entricular hy¬ 
pertrophy; 3 of these had right ventricular hypertension of 67 mm. Hg, 55 
mm. Hg, and 58 mm. Hg, respectively, and the fourth had an associated 
pulmonic stenosis Avith a right ventricular pressure of 75 mm. Hg. All others 
had a focal bundle branch block oimr the right preeordium, a so-called rsR' 
pattern. Ten patients had prolongation of the P-R interval, and 1 had first 
degree heart block. Fhm patients had prominence of the P AvaAm as evidence 
of right atrial dilatation. No patient had oAddenee of left Awntrieular hy¬ 
pertrophy. 

Preoperathm cardiac catheterization Avas performed on all patients, and 
all had a significant left-to-right shunt at the atrial level, A’-arjdng from 1 
L./min./j\r.= to 12.7 L./min./M.- No patient had cA'idence of a right-to-left 
shunt or arterial uusaturation; no patient had evidence of a subauricular 
shunt. 

Indication for operation has been the combination of (1) significant symp- 
‘ omatology, (2) cardioniegaly, and (3) a left-to-right shunt exceeding 1.5 
,L./niin./M.- The 1 patient operated on aa-Iio had a 1 L./min./M.- shunt had, 
in addition to the atrial septal defect, definite pulmonary vahuilar .stenosis. 


TKCIINIQUE OF SURGIC.XL PROCEDURE UNDER HYPOTIIERAII.V 


The operatiA'e technique is essentially the same as Ave have described 
preAUOUsly," and is similar to that described by others.-"*’ It includes per¬ 
fusion of the coronaiy circulation Avith Avarm, heparinized oxygenated blood 
during the period of infloAv-tract occlusion. FolloA\dng induction of anesthesia 
and insertion of an endotracheal tube, the patient is surface cooled in a tub 
of ice Avater to a rectal temperature of about 32.5° C. and placed on the 
operating table over the Avarming blanket (Therm-o-rite’'). The blanket is 
usually used to prCA'cnt excesswe doAviiAvard temperature drift rather than 
for further cooling, and Ave prefer to do the intracardiac procedure at a rectal 
temperature of about 30° C. and preferably Avhen the temperature is begin¬ 
ning to rise. An anterior bilateral thoracotomy has been used most frequently, 
entering the right chest through the fourth interspace and the left through 
the third, Avith division of the sternum by Y osteotomy. Recently, pulmonary 
valvulotomies have been performed by a longitudinal sternal splitting incision. 


and atrial septal closures have been perfo’ 
The pericardium is Aifidely opened, and 


■ gh a right thoracotomy. 
,vae are dissec* 


•Tlierm-o-rito Proilucts Comp.iny, Buffalo. NT' 
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within the pericarcliiun bo that tapes may he passed about them for inflow 
occlusion. Entrance into the hc.art or pulmonary artery is gained as follows: 
The venae cavae are occluded and, after allowing about 20 seconds for cardiac 
emptying, the pulmonary artery and aorta are occluded with a Satinsky clamp 
placed through the transverse cardiac sinus, A curved needle (Pig. 1) is 
placed in the aorta between the clamp and the aortic valve for coronary 
perfusion. The atrium or pulmonai’y artery is then opened between previously 
placed stay sutures. Egress from the heart is aeeomplisihed by flooding the 
atrium or pulmonary artery with saline and applying a nonerushing clamp 
to the walls. Immediately thereafter, the aortic clamp and the superior vena 
cava is released. If heart action is satisfactoi y, the inferior vena eava is 
next opened. 



1 —“Vile technique of coronary perfusion and the exposure for closure of atrial septal 

defects 

Coronary Artery Perfusion During Inflow-Tract Occlusion .—We consider 
this to be a very important adjunct to intracardiac surgery under hypo¬ 
thermia. Coronary perfusion lias been discussed by Spencer,^ Mahoney,’ Eiberi,® 
and others, and its value in the experimental animal has been reported from 
this laboratory.“'The details of the experimental study have been reported 
elsewhere but, in brief, the results were as follows: during inflow-tract oo- 
clusioii, the pll of coronary sinus blood decreases, and the lactic acid content 
increases, indicating a rapidly developing myocardial acidosis. If coronary 
perfusion with warm, oxygenated heparinized whole blood is then begun, the 
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pH of coroiiavy sinus blood, returns to normal, and the lactic acid content 
returns to pre-occlusion levels (Fig. 2). If coronary artery perfusion is 
started at the outset of inflow-tract occlusion, the pH of coronary sinus blood 
and lactic acid content is maintained at pre-occlusion levels (Fig. 3). 

Oxygenated blood for coronary perfusion for the earlier cases was ob¬ 
tained by warming the arm of a donor and drawing venous blood in heparin.” 
We encountered considerable variation in the oxygen saturation of the blood 
obtained in this manner; therefore, we have abandoned this method in favor 
of a technique of so-called ‘‘coronary autoperfusion.” Fresh heparinized 


pH AND LACTIC ACID CHANGES IN CORONARY SINUS BLOOD 
CORONARY PERFUSION WITH BLOOD AFTER 12 MINUTES LTO 



ITO 

I 




AORTA CS. PERF 0 4 8 12 IS 20 24 

CONTROL MINUTES 

CORONARY SINUS COLLECTIONS DURING ITO 


Fiff. 2.—Inflow-tract occlusion with coronary artery perfusion. 


pH AND LACTIC ACIO CHANGES IN CORONARY SINUS BLOOD 
CORONARY PERFUSION WITH BLOOD WITHIN I MINUTE ITO 



PERFUSION 


DOG 57-206 



aorta CS PERF 0 4 8 12 16 20 24 

CONTROL MINUTES 


CORONARY SINUS COLLECTIONS DURING LTO 


3._Inflow-tract occlusion with coronary artery perfusion. 

venous blood is drawn from donors the morning of the opeiation ^ 

into the patient’s vein, while an equal amount of arterial blood “ ^ 

the patient’s aorta by direct needle puncture after the chest 

Thus, complete oxygen saturation of the blood for coronary “ 

snred. The volume of eoronaiy perfusion during pldmonary 

varied from 100 to 400 c.e., and the mean average was 1.9 e.e./i ./ =•. 
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elosiue of atiial septal defects, it \aiied fiom 175 to 500 c e , with an aeeiage 
of 15 ce/niin/Kg The peiiod of inflow tiaet occlusion foi puliiioiiaij 
\ ah iilotomy has been between 3 and 4 minutes, and foi atnal septal defects 
usually between 5 iiiiiiutes and 7 minutes, the longest being 13 minutes 

The opeiativc findings in puliiioiiai-y valvulai stenosis weie eliaiacteiized 
bj an enlaiged musculai light ventiicle and poststenotic dilatation of the 
pulnionaiy aiteiy at the point wlieic the jet ot blood thiough the stenotic 
1 ah e impinged upon its wallTh^ valvulai stenosis was most often due to 
a funnel shaped, eonc-like fusion of the valve leaflets The cone might bo 
quite long with thin walls (Fig 4) oi short and thickened at its tip The 
opening was usually only 2 to 3 mm in diametci The commissuies aie not 
as tleaily defined in congenital pulnionaiy vahnilai stenosis as they aie in 
aoitic \ahulai stenosis, but tlity t.in at times be defined and the cuts made 
aceuiately in the commissuies Usually two cuts weie made conveiting to 
a bicuspid valve, but we ha\c the cluneal impiessioii that less insufficiency 
may lesult if tlnee cuts aie made (Pig 5) The tip of the cone has been ev 
cisod if it shows fibious thickening Thice patients piesented a flattened 
fibious diaphiagin, and in 1, two tiny openings weie piesent (Pig 6) Blount'^ 
has stated that the thickened fibious lalvcs ocoiiiied in oldei patients, but 
this has not been a umfouii finding in oui patients as this thickening oc 
cut red in youngei individuals with a iciy high degioe of stenosis 

The most common type of atiial septal defect encounteied has been the 
secundum defect of the septum piimuin**, oi as designated by Swan," a foi a 
men ovale defect due to a defect in the valvulai foiamims ovalis oi complete 
absence of the valvula The high defects of the septum secundum usuallj 
have no cephalic maigins, and aie most fieqiiently associated with anomalous 
pulmonaiy venous diainage All of these defects have an adequate niaigin 
of septum caudally, and we have puiposefully aioided lepaii of iiiimum de 
fects of the septum piimuni oi endocaidial cushion defects by the hypotheimic 
tecliiuque The technique of elosuie is similai to that desciibed by otheis® “ 
After eaiefiil inspection of the atiial cavity, and aftei locating the site of 
entiance of pulnionaiy veins, the leiiae cavae, and coronaiy sinus, stay sii 
tines of No 3 0 silk aie placed at cithei end of the defect and tied, thus con 
lertiiig the oval defect to a slit The ceplialad sutiiie is then continued can 
dally as an o\ ei and oi ei stitch, finally tied to the caudal staj aftei the left 
atiiiim has been allowed to fill with blood Seveial inteiiupted siitiiies aie 
usually inserted foi reinfoicement The collection of anomalous inilmonaiy 
veins IS usually leadily accomplished by sutuiing the vential maigiii of the 
septum to the light of the cntianec of the pulmonaiy veins, thus cieating a 
laigei left atinim It may be impossible to diveit pulmonaiy veins enteiing 
high in the vena cava Pollowing closuie of the defect, the light atniim is 
allowed to fill with blood and is usually flooded with saline befoie applying 
a noncriishmg clamp to the atiial wall The light atiiiim is closed with a 
continuous sutiiic 
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Patients having both piilmonaiy stenosis and atiial septal defect haie 
had both abnoinialities collected at the same opeiation The valvulotomy is 
peifoinied fiist, and the cneulatioii is le established for about 20 minutes to 
allow caidiac lecoveiy The atiial septal defect is then lepaiied during a 
second peiiod of inflow tiaet occlusion 

OPERATIVE CO-MPLlCmONS 

Puhiionauj ValvuUu Stenosis —Theie have been no opeiative oi post- 
oiieiative deaths One patient, a 33 ycai old man, develoiied ventiieulai fibiil 
lation which was successfully com cited to sinus ihythiii Twenty one months 
pievioiisly, he had had a tiaiisveiitiiculaipulnioiiaiy valvulotomy perfoimed 
with a minimal deciease in light ventiiculai piessuie Coioiiaiy artery pei- 
fusion was not used and, aftei 6 minutes of inflow tiact occlusion, ventnculai 
fibiillatioii developed when the iiifeiioi vena cava was opened Caidiao ai 
lest was induced by le establishing mflow-tiaet occlusion and, after cross 
clamping the aoita, 19 e e potassium chloiide solution (1 mEq/ce ) was in 
jected into the eoionaiy cneulatioii Ciieiilation was manitanied by massage 
and, aftei 3 iiiuiutes, the lieait became lespoiisive and 20 ce of 50 pei cent 
glucose was injected iiitiaveiiouslj This was followed by a spontaneous effeo 
tive ventiioular beat and soon theieaftei a sinus iloThm (method deseiibed by 
Mavoi and bis associates'® ") The patient’s postopeiative oouise was un 
eventful Theie vveio no othei opeiative complications in tins gioiip of patients 

Mnal Septa! Defects —Theie was one opeiative death due to ventiieulai 
fibiillation, and 2 othei patients developed this opeiative comphoation, but 
It was successfully coiiveited with potassium and glucose The fiist patient 
m this senes did not have eoionaiy iieifusion dining 5 minutes of inflow 
tiaet occlusion, and fibiillatioii began while the atiiuiii was being closed 
Patients 6 and 8 had eoionaiy peifusioii with blood fiom a “wamied donor 
aim” and, in both instances, the peifusate was desatuiated Patient 6, a 
fljeai old gni, began to libullatc while the defect was being closed The 
closine was completed, and defibiillation was successfully aeoouiplislied with 
potassium and glucose Technical difficulties weie eiicouiiteied in Patient 8 
which icfiuned 13 minutes of inflow tiaet occlusion Fibiillatioii began 3 
minutes aftei cneulatioii was lestoied, and attempts at conveisioii weie un 
successful 111 spite of both clectiical shock and aclministiatioii of potassium 
with glucose Xo ventiieulai aiihythmias occuiied when toioiiaiy iieifu¬ 
sion was elined out with fully satuiatcd aiteiial blood Six patients had 
atual fibiillatioii duimg some peiiod of caidiac mampulatioii, liut tins caused 
no difficulty and levelled spoiitaiicouslj 

lOSiOPEIiVTIVE COVIPUC VTIONS 

The patients in both gioups icquucd oiilj the usual postopeiative sup- 
poit neeessuy foi any thoiacotomy No pioblcms of eilliei postopeiative 
bUcdnig 01 tlnombosis weie eiicomiteied and, in gcneial, the postopeiative 
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patient developed an unsuspected psyehi- 
*■ after doing well in the postoperative period. She subsequently 

died 01 pneumonia, and is the one late death in the series. 


CLINICAL RESULTS 

Pulmonary Valvulotomy. —These patients have been followed for a vary¬ 
ing period of from 2 months to 42 months. Those who have been followed 
for more than 6 months have all become as 3 rmptomatic. The 1 palient who 
had frank cardiac failure before operation is now 17 months postoperative, 
and has no evidence of failure, does not require digitalis, and is able to work 
full time. The clinical course, the electrocardiogram, and pulmonary valve 
pressure gradient data are tabulated in Table I. .t^ll patients have shown 


Table I. Clinical Results—^Valvular Pulmonic Stenosis 

(THE SEVERITY OF CLimcAL SVAIPTOJIS AND THE RIGHT VENTRICULAR HYPERTROPHY AS TABU- 

LATED ON A BASIS Op 0 TO A+) 


PATIENT 

AGE AT 

OPERiV- 

TION 

(YEARS) 

LENGTH 

OF 

FOLLOW¬ 

UP 

(MO.) 

CLINICAL COURSE 

ELECTROCARDIO¬ 

GRAM 

RV—P. ART. 
SYSTOLIC GRADIENT 
(MM. Ilg) 

PRB 

1 POST 

PRE 

1 POST 

PKE 1 

POST 

1. R.W. 

13 

42 

2+ 

0 

3+ RVH 

Normal 

150 

15 

2. R. T. 

7 

40 

4+ 

0 

4-h RVH 

Normal 

167 

14 

3. R. G. 

33 

37 

1+ 

0 

3+ RVH 

1+ RVH 

106 

— 

4. W. S. 

14 

36 

2+ 

0 

4+ RVH 

1-t- RVH 

153 

10 

5. K.K. 

11 

34 

1+ 

0 

2+ RVH 

Normal 

91 

7 

6. G.B. 

36 

31 

1+ 

0 

2-)- RVH 

1+ RVH 

140 

19 

7. R.D. 

6 

28 

2+ 

0 

3+ RVH 

Normal 

164 

24* 

8. R.W. 

6 

26 

2+ 

0 

2-1 RVH 

Nonnal 

110 

10 

9. C. E. 

7 

24 

l-^ 

0 

3-t- RVH 

Normal 

125 

15 

10. D. K. 

19 

23 

2+ 

0 

2-^ RVH 

N ormal 

97 

— 

11. C. W. 

5 

21 

2+ 

0 

4+ RVH 

Normal 

173 

11 

12. D. M.t 

6 

18 

1+ 

0 

2+ RVH 

N ormal 

85 

16 

13. J.F. 

12 

17 

1+ 

0 

3+ RVH 

Normal 

102 

9 

14. C.O. 

30 

17 

2+ 

0 

3+ RVH 

l-i RVH 

200 

10* 

15. J. D.f 

7 

16 

1+ 

0 

3+ RVH 

Normal 

105 

25 

16. N.H. 

6 

15 

1+ 

0 

2+ RVH 

Normal 

100 

16 

17. M. G.t 

6 

10 

21- 

0 

2-1 RVH 

N ormal 

100 

16 

18 D. B. 

37 

3 

U 

0 

2+ RVH 

U RVH 

66 

O'* 

19. J.D. 

5 

2 

2+ 

0 

3-h RVH 

1+ RVH 

165 

62* 


♦Operating room pressure recording. 
fAssociated auricular septal defect. 


significant reduction of right ventricular hypertrophy by electrocardiogram, 
13 actually have no residual right ventricular hypertrophy 10 months to 2 
years following operation, and 4 patients maintain 1+ right ventricular hyper¬ 
trophy at 17 months to 37 months. 

The pressure gradient across the pulmonary valve has been determined 
by preoperative catheterization, before and immediately after valvulotomy in 
the operating room, and by catheterization 1 year postoperatively. Ibe nrst 
5 patients operated on by the open technique had an immediate reduction 
in the right ventricular pressure to near normal levels at operation P e 
sixth patient had a minimal reduction in spite of what had impressed us as 
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a typical valvulai obstiuetioii and a satislactoiy valvulotomy At that time, 
we were feaiful that an associated infundibulai stenosis had been missed 
The immediate postopeiative gradient was 150 mm Hg, but catheteiization 1 
yeai latei levealed a giadient of only 10 mm Hg This situation has been 
eiioounteied in 6 patients (rig 7), and all have had a satisfactory ieduction 
111 the ixiliiionaiy valve giadient when studied 6 mouths to 1 year latei 
The data on patients having immediate legiession ot the giadient aio com 
paied with those having lite icgiession (Fig 8), and the end lesiilt is the 
sime with iicai iioim.il piessuio iclations between the light ventiicle and 



QpfleoPoiTH f^ ce VM.V c» ypsT vw post a» mth 


Ifig 7—I^te regr«s3ion of right ventricular pulmonary artery pressure gradient In patients 
having hypertrophy of the right \entricular outflow tract 



Pig 8—Right ^ent^lcular pulmonary arterj pressure gratlients following valvulotomy 

piilmoiiai-j .iiteiy The patients having the giadiial decitise in light ven 
tiieuhr picssiiie have also had a slowei legiession of eleetiocaidiogiaphie 
evidence of light ventnuilai hypeitiophy 

Hevctsiblc Outflow Tiuct Jhjpcitiophy of the Right Ventiicle —Fig 9 
shows tlie noimal outflow ti let of the nght vcntncle poitiayed by the eine 
tliioiogiaphic technique of angioeaidiognphyView A shows the outflow 
tiact at the end of sjstole, and D eaily m sjstole Fig 10 is the same view of 
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the outflow tract in a patient with pulmonary valvular stenosis exposed at 
comparable times during systolic ejection of the radiopaque material. During 
late systole, the hypertrophied infundibuhim causes marked narrowing of the 
outflow tract, but it doas expand during maximum systolic ejection. Those pa¬ 
tients who do not have an immediate reduction in right ventricular pressure 
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after valvulotomy have a markedly contractile muscular and hypertrophied in¬ 
fundibulum. If the operator’s finger is inserted tlirough the valve, into the 
outflow tract, a very firm contraction is noted during systole. This diffeis, 
however, from a true infundibular stenosis in that there is no fixed fibrous 
band or ine.vpansile area of outflow obstruction. 

Atiial Septal Defects .—None of tlic surviving 1-i patients has had post- 
opei-ative .symptoms (Table II). All have had marked reduction in the eardio- 
thoracio ratio 1 year following operation. Fluoroscopic e.vamiuation indicates 



Fig 10—Clne-anglocardloffram shotting right \entrlcle outflow tract In patient witli pulmonary 

valvular btenosls 


a return to normal pulmonary vascularity Nine patients who have had 
postoperative eathoterization had complete closuic of the defect, ivith no 
evidence of a left-to-right shunt and no right heart hypertension. Those not 
yet catlieterized liave had a rapid iiicicase in giowth and development and 
a maiked deciease in pliysieal iimliiigs, although a soft nunimu’-mnv^ still 
persist, even though the defect is completely closed. One 12-vi;ai 



t,ardjova>. burg. 


ed lo pounds sjnee operation, has no symptoms, and has had a significant 
ease in heart size. She does, however, have a hyperactive preeordium and 
i residual increase m pulmonary vascularity, so there may still be a small 
iual left-to-right shunt. 


T.vble II. Clinical Results — Auricular Septal Defects 


tient 

age at I 
operation 
(years) I 

i 

LENGTH OP 
FOLLOW-UP 

clinical 

1 COURSE 

CARDIO- 
TIIORACIC 
RATIO 1 

j LEFT-TO-RIGHT 
SHUNT 
(L./1HN./M.2) 

(no.) 

i PHE 

j POST 1 

1 PKE 

1 POST j 

1 PKE ' 1 

! POST 

M. A. 

14 

32 

2+ 

0 

.00 

.45 

4.5 

0 

C. JI. 

5 

28 

3+ 

0 

.60 

.48 

3.5 

0 

L. D.* 

12 

28 

2+ 

0 

.45 

.40 

1.0 

0 

J. D. 

5 

28 

2+ 

0 

.58 

.50 

2,3 

0 

K. W. 

31 

22 

2+ 

0 

.52 

.50 

32.7 


D. L. 

6 

21 

2+ 

0 

.55 

.45 

3.5 

0 

J. s. 

6 

20 

2+ 

0 

.60 

.48 

3.2 

0 

il. F. 

12 

Operative 

death 

2+ 

— 

.55 


6.2 


W. R. 

12 

18 

3+ 

0 

.58 

.52 

5.5 


D. R. 

13 

16 

1+ 

0 

.54 

.45 

2.3 

0 

0. W. 

23 

12 

2+ 

0 

.50 

.48 

5.3 

0 

S.M. 

10 

12 

2+ 

0 

.50 

.48 

2.9 

AT. y. 

38 

3 wk, postop. 
death 

2+ 

— 

.50 


5.5 

— 

B. V. 

7 

9 

3+ 

0 

.55 

.50 

5.0 


R. H. 

9 

6 

2+ 

0 

.55 

.49 

8.5 


E. A. 

33 

4 

2+ 

0 

.52 

— 




♦Associated pulmonic stenosis. 


DISCUSSION 

The hypertrophy of the I’ight ventricular outflow tract, which has been 
rved in association ivith pulmonary valvular stenosis, presents an inter- 
ig problem. When we first found little or no decrease in the right ven- 
ilar pressure following an adequate valvulotomy, we presumed that an 
ndibular obstniction had been overlooked even though such an obstruc- 
eould not be defined by finger palpation. The patient had a favorable 
ical course, and cardiac' catheterization 1 year later revealed a marked 
in right ventricular pressure and a minimal gradient across the pulmo- 
valve. Five other patients have had well-documented evidence of gradu- 
deereasing pressure gradients following vahuilotomy. The angiocardio- 
ns and the clinical course of these patients indicate that a physiological 
ertrophy of the outflow tract may develop as the result of purely valvular 
losis and that, after the valvular obstruction is overcome, the hypertrophy 
resses. 

The combination of pulmonaiy valvular stenosis and infundibular steno- 
coexisting in the presence of an intact ventricular septum has been dis- 
sed by numerous authors. alcGoou and Kirldiir" estimated that the two 
associated in about 25 per cent of the cases, and they found infundibular 
losis more often present in older children and adults with valvular steno^s. 
lboys“i had 6 patients who required infundibular resection in conjunction 
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with vahulotomy. Certainly, the piesenee of pure infundibular steiiosis without 
a ventricular septal defect and without pulmonary valvular stenosis is quite 
rare. Our experience has indicated that muscular hypertrophy can simulate 
an infundibular ohstructiou, but that it is possible to differentiate the two 
preoperatively and at the operating table. Needless resection of the wall of 
the outflow tract can thus be avoided. 

The results of pulmonary valvulotomy by an open technique appear 
superior to the results obtained by the closed transventrieular teclniiqne. 
Blount*^ estimated an over-all mortality rate of 10 per cent of operations by 
the transventrieular route reported in the literature and a 5 per cent mor¬ 
tality by the open technique. There have been no fatalities in the group re¬ 
ported here, but the total number of operations is not large. The right 
ventricular i3ressure usually regresses to a near normal level after open 
valvulotomy, and the gradient across the pulmonaiy valve is usually less than 
20 mm. Hg. The average right venti'ieular pressure in this series is 33 nini. Hg, 
with an average gradient of 14 mm. Hg. One possible disadvantage of the 
open technique is the danger of pulmonary valvular insufficiency.^’’ Five pa¬ 
tients have postoperative diastolic murmurs along the left sternal border, 
and 1 patient has hemodynamic evidence of pulmonary insufficiency with a 
pulmonary artery jjressure of 29/2 mm. Hg. No jjatients have evidence of 
clinical problems secondary to this, nor have they developed electrocardio¬ 
graphic evidence of light ventricular hyiiertrophy or of increase in heart 
size. Ifany years of observation will be necessary to evaluate this aspect of 
the problem. 

Our clinical experience confirms the value of coronary artery perfusion 
with oxygenated whole blood. The amount of whole blood used for per¬ 
fusion is less than normal coronary blood flow; but at reduced temperatures, 
the low flow rate is adequate to prevent myocardial anoxia and acidosis in 
the experimental animal and in the human patient. During inflow-tract oc¬ 
clusion without perfusion, the heart rate gradually slows, and the myocardium 
becomes cyanotic. The electrocardiogram deteriorates, and frequently the 
heart requires massage when circulation is re-established. This is undoubt¬ 
edly the most dangerous period from the standpoint of ventricular fibrillation. 
In contrast with this, during coronary pci-fusion, the myocardium remains 
pink, the ihythm is regular, and the electrocardiographic changes are mini¬ 
mal. When circulation is restored, the heart action is usually vigorous, and 
the systemic arterial t3rc.ssiire is maintained at the pre-ocelusion level of that 
degree of hypothermia. The beneficial effect of the neostigmine used by 
.Swau” is, in part, due to a slowing of the heart and, thus, a reduction in 
metabolic demands of the myocardium. 

The most obvious di.sadvantage of the open heart procedures performed 
under hypothermia is the limitation in time available for intracardiae manipu¬ 
lation. The method should be limited to the procedures described, plus possi¬ 
bly open valvulotomy for congenital aortic stenosis, although cardiac bypa.ss 
is probably preferable for this. Preoperative diagnosis must be accurate; 
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and, if there is any question of a complicated lesion requiring intracardiac 
correction, the technique should not be used. One of our patients who had 
both a pulmonary valvulotomy and closure of an atrial defect has postopera¬ 
tive evidence of a small ventricular septal defect which was not evident on 
pieoperative studies, and which might have been found if cardiac bypass had 
been used. 

It should be emphasized that the successful use of hypothermia requires 
caieful attention to many details, but it is simpler than cardiopulmonary 
bypass techniques and it requires much less blood, manpower, and equipment. 
Our own experience persuades us to continue its use for the simiiler proce¬ 
dures and, although readily available, to reserve the pump-oxygenator for the 
more complicated defects. Perhaps the greatest value of hypothermia in 
cardiac surgery will be its use in combination with cardiopulmonary bypass. 


Suji:mary 

A review of the experience with 35 patients upon whom cardiac surgery 
was performed with the aid of hypothermia is presented. Nineteen patients 
underwent pulmonary valvulotomy, and 16 had closure of atzlal septal defects 
by open technique. The physical findings and indications for operation are 
presented for each of these 2 groups of patients. The technique for surgical 
correction of the lesions, including the application of coronaiy artery per¬ 
fusion duz'ing inflow-tract occlusion, is outlined. The clinical re.sults are 
evaluated both in the immediate postoperative period and after long-term 
follow-up. Catheterization data are presented, and particular attention is 
directed to the reversibilitj'’ of the outflow-tract hypertrophy of the right 
venti’iele associated with vahmlar pulmonic stenosis. 
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Discussion- 

dr JULIAN JOHNSON, Philadelphia, Pi—I uould like to cmpli isize again tho value 
of intermittent occlusion under hypothermia If vou got in a spot where jou can’t complete 
your suture uitliin tho 5 or 0 minutes which jou have allotted yourself, there is no reason 
v\liy jou can’t back out, let the heart recover, and then go back in at a second period 

We liave used this successfully We have limited our hjpotliormia to 90® F and have 
not hid inflow occlusion for more than 4 or o miimU'^i Even witliout coroiiaiv per 
fusion wo have had virtually no difficulty under these circumstances ^Ao luve set 4 minutes 
as our goil, but if we find that wo can complete our suture vMthm auothei h ilf minute or 
so we are apt to go ahead and finish But if it is apparent that wo are going to tike more 
thin 4VC or 5 minutes, we stop, take tlic clamps off, let the blood run through the heart for 
10 minutes, and then go back for i second period A\e have had virtu ill> no difficulty with 
tins since wc have jnit these bmitalioiis on ourselves 

Previous^ v\hcn we would get m a tight spot uid majbe take 8 or 9 minutes in one 
period of occlusion we did have trouble 

DR S VFUH ATT VR, Baltimore, Aid—^We have used deep hjpotliermia to a lower 
degree than Ins been used m this presentitioii Vc hive brought om pitients down to 
2b® C and so f ir we have not had any untoward effect in tho seii'vo of frequent ventncul ir 
fibrillations in which we could not revert the rhythm back to normal 

Ilowevtr, wc have had unusual complications, and this is tho rea‘>on for mv conmig up 
lure, to inqune whether you have had similar ones Vc used tins tcclmique for the correction 
of pulmonary stenosis and itrial septal defects m the same situations as stated b\ the nutliors 
However, wl encountered the complication of peroneal pals> iii 3 c ises Tins was detected 
immediately iftcr the operation and had to be treated m the usual manner There was no 
definite evidence of any pressure on the peroneal nerve as the hypothermia was being used 
I would like to address the question whether the deep hyqiothermia of tho nerve, since wo 
biought the temperature down to 26® C, could have c luscd the peroneal palsv 
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DB. MAHONEY (Closing).—I would like to thank the gentlemen who discussed and 
asked questions with regard to the paper. 

So far as Hr. Johnson’s intermittent occlusion is concerned, we have used this, of 
course, ourselves. We feel that we can be allowed between 7 and 8 minutes of occlusion time, 
using coronary perfusion with the oxygenated whole blood. But on numerous occasions we 
have had to do intermittent occlusion and we feel it is a very worth-while thing to do. Of 
course we do it when doing botli a pulmonary valvulotomy and an atrial septal defect on 
the same patient. 

In regard to the second discusser’s questions, our temperatures are as a rule between 
30° and 31° C. rectal at the time of the inflow tract occlusion. We have not had any nerve 
palsies as a result of hypothermia to our knowledge. I doubt very much wliether the 
hypothermia itself had to do with the peroneal palsy, although I am not sure. 

I would like to emphasize that one must pad these patients extremely well and be very 
careful about pressure points, else one gets into severe difSculties as a result of the cold, 
particularly if one is using a blanket. 



SIMPLIFIED TECHNIQUE FOR DIRECT VISION 
PULMONARY VALVOTOMY 

Comad R Lam, AI D , and Rodman E Tabei, AID, Detwit, Mich 

T hebe is. general agicement at the present time that if the snigeon is to iiiahe 
the best possible eonection ot pulmonic valve stenosis, he must be able to 
see wliat he is doing This piineiple, howeiei, has been giien leluctant ac 
eeptanee by some suigeons, ineludiiig tlie senior authoi,’ - because the tians 
\uitiieulai method populaiized about 10 years ago by Block’ ' had many at 
tiaetne featmes Fiist of all, it was the only opeiation available at that time 
as an alternative to the shunt opeiatioiis which neie soon found to be con 
tiaindicatcd in pulmonie stenosis with intact ventiiculai septum’ '• It could 
be peifoimcd lapidly, if iiecossaiy, the vahe of a dying, cyanotic infant could 
be opened ivathin 10 minutes of the tune of the skm incision The iiioitality 
of the opeiation was low In the senes of 75 patients opeiated upon at the 
Hemy Fold Hospital befoie June 1, 1957 (when oui pieseiit method was 
adopted as a loutine pioceduio), tlicie weie only tliiee deaths and one of 
these was in an infant only a week old 

The immediate eliiiical results of the tianscentiiculai operation appealed 
to be satisfactory Foi example, the first patient in oui senes, opeiated upon 
in Alay, 1950, showed immediate icdiiction in heart size and was in good 
health 8 years lotei The second patient had a nght leiitnculai piessuic of 
70 mm Ilg befoie the operation, 6 months latci it was down to 30 mm Hg 
Clinical examination of this patient 7 years latei levealed a noimal heart size 
The technical aspects of the opeiation were made easiei by the intioduc 
tioii of new iiisti uinents, notably the adjustable valvulotome of Potts and his 
associates,’ and the modification of the B iiley initial valve guillotines, which 
wei e esiiecially useful in adult jiatieiits “ 

Howes ei, as eaily as the 1953 iiieetnig of this Association, seieial mem 
beis lose to point out that the tiansventiieulai opeiation ivas not iinifoimly 
satisfaetoiy ’ In a considerable number of cases, postopeiatiie cathcteiiza 
tion of the right heart had shouii that light ventiieulai piessuies neie not 
sufficiently icduced oi an iiiiiiiedidtc icdiiction had not been peiiiianent ” At 
this meeting, HodrilP lepoited a successful case of open pulmonic valvotomy, 
111 an opeiation utilizing right heart bypass and autogenous lung oxygenation 

From the Xlitislon of Thoricic Suraerj of the Henry rord Hospital Detroit Mich 
Read it the Thirtj ninth Annual Meetinir of The Vinerlcan VsaocUUon tor Thoracic 
Surgerj at L-os Angeles Calif Vpril 21 23 1959 
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artery. There is no reason to put on such a elainp, since there is no hack 
IDrossure in the Inng to cause retrograde flow and no aspirating action which 
might cau.se air to he taken in. 

Traction sutures are placed with an atraumatic needle at the proximal 
and distal ends of the proposed incision into the pulmonary artery* An 
atraumatic type of clamp is then placed longitudinally to exclude the ijortion 
of the aitery for the incision. This maneuver is facilitated by the post¬ 
stenotic dilatation which almost invariably accompanies pulmonic valve steno¬ 
sis. The artery is incised and additional traction sutures are placed to retract 
the two lips of the incision. The vena eaval snares are tightened and the 
anestlietist is asked to give notification of the passage of 1 minute of time. 



Restoration of the circulation after 1 minute is considered to be desirable, 
and, after 2 minutes, mandatory, Tlie maximum peiaod of occlusion in our 
seiies has been Ii4 minutes, although obviously the occlusion period may be 
repeated an indefinite number of times with periods of normal circulation 
intervening. Following occlusion of the venae cavae, the heart is allowed to 
heat several times to empty the right side, and the i)ulmonai*y artery clamp 
is removed. An assistant places a vein retractor at the proximal angle of the 
incision. The blood in the artery i.s aspirated and, as soon as possible, if the 
size of the valve orifice permits, the tip of the aspirator is placed in the right 
ventricle for a fe^v .seconds. Note is then made of the type of valve and the 
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mdicated valvotomy performed. If there is no sign of commissures in the 
typical dome-shaped valve with severe stenosis, incisions are made anteiiorly 
and posteriorly out to the arterial wall (Fig. 2). It is useful to have the first 
assistant, who stands on the left side of the table, grasp one side of the valve 
ivith a forceps whik the surgeon holds the other side. If there are actual 
commissures or rudimentary ones, the incisions are made carefully along the 
eommissuial lines. Pulmonic iusuifieieney is an unnecessary sequel to open 
pulmonic valvotomy. Finally, a finger is introduced through the opened valve 



Fig-. 2.—Photographs of a typical pulmonary valvotomy. a. The artery has been incised 
in a portion excluded by a longitudinally placed clamp. B, Removal of the clamp reveals the 
dome-shaped deformed valve. C, The valve has been opened by anterior and posterior incisions. 


into the ventricle to verify the patency of the entire outflow tract. In 1 case, 
a narrow fibrous band of subvalvular stenosis was noted, and this was cut 
atvay during a second period of caval occlusion. It is to the credit of our 
pediatric diagnostic team (Dr. R. F. Ziegler and Dr. Edward Green) that no 
instance of infundibular stenosis appeared in patients scheduled for open 
valvotomy. ^Ve consider that the problem in infundibular stenosis Avith intact 
ventricular septum is so complicated that cardiopulmonary bypass is indicated. 
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Followiiiff tile ventricul.n- exploration, tlie superior vena enval snare is 
released and, in a few seeonds, blood is ejected from the right ventricle. In 
the meantime, the lips of the pulmonary artery incision have been held up 
with the traction sutures and, as the artery fills and overflows with blood, the 
clamp is clo.sed about the incision. There has been no suggestion of air em¬ 
bolism in our series. The arterial inci.siun is then closed with 5-0 silk, placed 
as a continuous hori/.ontal mattress type of suture, reinforced by returning 
witli an over-and-over suture, after wliieli the clamp is removed. Tlie peri¬ 
cardium is sutured loosely, tlie right side of the chest is drained into a water- 
seal bottle, and the chest is closed in the conventional manner. Only rarely 
has there been siiffleient blood loss or other faetois, such ns preoperative 
anemia, to make a transfusion nece.ssary. 



Flgr 3—Pressuie tracing: at catheterization of the right heart, showing tlie typical pic¬ 
ture of pure ^aI^ular stenosis The fo'v pressure In the pulmonar>' artery on tlie left may be 
comparcii with the high pressure of the right ventricle on the right. 

RE.SULTS 

Since June, 1957, 49 patients have been scheduled for open pulmonary 
valvotoniy by this technique. In 48 patients, the proposed valvotomy was 
carried out. There was 1 case in which there had been a gross error in diag¬ 
nosis and there was no significant pulmoiiaiy stenosis; this case will bo dis¬ 
cussed later. There was a wide age range. Eight patients were between the 
ages of 1 and 3 yeai-s, 27 were from 3 to 10, 4 from 20 to 30 years, and 3 were 
over thirty. The oldest patient was 47 years of age. 

There was one postoperative death; this occurred bi the youngest patient 
in the series, a child 18 months of age. Although the increased risk of opera¬ 
tion at tliis age was appreciated, it was evident that immediate relief of the 
severe pulmonic stenosis was indicated. The child was first seen at the age 
of 6 months and was eathetorized. The right ventricular pressure was 110/G 
mm. Hg and the pulmonary artery could not be entoi'ed. Ten months later, 
a second catheterization showed that the ventricular pressure had risen to 
170/0. At open valvotomy, it was found that the valve had a tiny opening 
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which would barely admit a small aspirator tip. Valvotomy was carried out 
to produce a bicuspid valve in the usual manner. The finger could not be 
passed through the valve ring, but a dilator indicated that no localized in- 
funchbular stenosis existed. The postoperative course was stormy, with ab¬ 
dominal distention on the first day and difficulties with pulmonary secretions. 
On the third postoperative day, tracheotomy was done to facilitate the re¬ 
moval of secretions. There was continued respiratoiy embarrassment and 
death occurred on the fourth day. Autopsy showed extensive atelectasis and 
pneumonia. The pulmonary valvotomy appeared to be adequate, but the 
marked hypertrophy of the entire right ventincle caused some narrowing of 
the outflow tract. The exact role of this relative obstruction in the fatal issue 
could not be stated with certainty. We are inclined to believe that when the 
localized valvular obstruction is relieved, the hypertrophy of the ventricular 
outflow tract will disappear and with it the tendency to obstruction. 

There has been no important problem of postoperative complications in 
the other 47 patients. In the short ijeriod of follow-up observations, clinical 
studies have indicated an excellent correction of the defect in every patient. 
In several eases, the murmur has disappeared and in all there has been a 
reduction in heart size and electi’ocardiographic evidence of less right ven¬ 
tricular hypertrophy. Naturally, with the expexaence with the transven- 
tiicular operation in mind, there may be skepticism about the long-term re¬ 
sults until thei'e have been a number of postoperative catheteiazations. One 
patient, aged 47, had a preoperative right ventiicular pressure of 100/0 mm. 
Hg and a pulmonary artery pressui*e of 35/0, giving a gi’adient of 65 mm. Hg. 
Postoperative catheterization showed a i-edixction of the ventricular pressure 
to 40/0 and a pulmonary artery pressure of 35/5, a gradient of only 5 mm. Hg. 

There was one fi-ank diagnostic ei-ror in a patient schediiled for pul¬ 
monary valvotomy which resulted in the patient’s death. This occuri’ed in a 
child 18 months of age. There was a systolic murmur over the pulmonary 
arteiy suggestive of pulmonic stenosis. Unfortunately, the catheteiazation 
data were interpi’eted as being completely confirmatoiy for this provisional 
diagnosis. No shunting at any level Avas demonsti'ated; the oxygen satui*a- 
tion in the infei’ior Amna caAm Avas 11.5 vol. per cent; in the supei’ior vena 
cava, 10.8 vol. per cent; in the right ventricle, 11.2 vol. per cent; and in the 
pulmonary artery, 11.7 vol. per cent. The pressure in the right venti-icle Avas 
90/20-2, and the pulmonary artery pressiu’e Avas 16/2. In retrospect, there 
Avex’e some danger signals, but these Avere not noted in time to prevent the 
fatality. 

At operation, it Avas eAudent that post-stenotic dilatation of the pixlmonary 
aideiy Avas absent. When the exclusion clamp Avas applied to the pulmonary 
artery, the heai-t action rather promptly became poor. It was thought that 
the clamp Avas occluding the stenotic valve orifice in some Avay. Also, it was 
noted that Avhen the vena caval snares Avere occluded, there was not good 
collapse of the light auiicle. A second application of the pulmonary arteiy 
clamp again resulted in cardiac difficulty. The decision was made to opeii 
the ai'tery duiing caval occlusion Axithout the use of the clamp. Pink blooc 
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came out of the ventiicle The pulmonaiy valve showed little if any stenosis, 
although token outs weie made at its eomniissuies The clamp was icplaoed 
and sutuiing of the vessel was begun The heait began to tail and the sutuie 
line was lapidly completed Intel mitt eiit caidiac ooiiipiession was begun 
quickly and this leveised the signs of eeiebial anoxia, but the heait nevei 
showed any furthei tendency towaid spontaneous beating in spite of .111 houi 
and a half of resuscitative effoits Autopsy showed two atnal septal defects, 
one of the seeunduiii vaiiety and anothei of the ostium piimiim tjpe with 
minimal defoimity of the initial valve It was evident that eatlieteiization 
had not levealed the atrial septal defects because the shunt uas balanced 
Theie is no explanation foi the eiioi in dcteiminatioii of the giadient be¬ 
tween the ventricle and pulmonaiy aiteiy Obviously, the patient should 
ha\e been scheduled foi lepaii of the septal defects with the aid of the pump 
oxygenatoi Following this luifoitunate expciionce, all of the data, including 
angioeaidiogiams, weie caicfully scrutinized and there weie seveial things to 
suggest that the diagnosis was not simple pulmonaiy valve stenosis The 
typical poststenotic dilatation of the pulmonaiy aiteiy was missing The 
lung fields weie lelatively cleat, but weie moie suggestive of piiliiioiiaty le- 
sistance than dniiinished flow The angioeaidiogiams did not substantiate the 
diagnosis of vali ulai stenosis 

SUVniAIU. IND CONCLUSIONS 

It IS proposed that open pulmonaiy \ahotom> without bjTiotheimia and 
without the pump oxygenator is feasible and safe Valvotomies have been 
earned out 111 48 patients with a single moitality, which oecuiied in the 
youngest patient 111 the senes A second fatality oceuiied 111 a patient in 
whom pulmonic stenosis was absent, and in whom, at autopsy, two atinl seji- 
tal defects were foiuid The opeiation is suitable only for pulmonie stenosis 
of the valvulai type Differentiation of this type from isolated infundibulai 
stenosis and othei congenital defects should be possible with the diagnostic 
techniques aiailable to the caidioiasculai team 

KEFERLNCES 

3 Lam, C R Di&cussion of Doilrill ct aljjige 5Do 

2 I am, C R Discussion of addell et al, 4iui Surg 146 560, 

3 Brock, E C Pulmonarj VaIvotoni\ for the Relief of PulmonnrN Stciioms Report 

of Three Cases, Bnt ■\f J 1 II2I, 3948 

4 Brock, E C, and Campbell, AI Valvulotomy for Pulmonary Valvular Stenosis, Bnt 

Heart J 12 377, 1950 

5 Lam, C E The Choice of the Side for Approach m Operations for Pulmonary 

Steno'iis, T Thoracic Sukg 18 061,1949 

6 Lam, C E Discussion of Blalock and Kiefer, Ann Surg 132 515, 1050 

7 Potts, V T, Gibson, S, Eiker, L and Leininger, ( E Congenital Pulmonarv 

Stenosis With Intact A entncular Septum, J 4 "M A 144 8, 1950 

S Kichol, H T, and Downing, D P Experiences m the Surgical Alleviation of Con 
genital Pulmonic Stenosis, Dis Chest 27 624, 1055 

9 Dodrill, F D, Hjll, E, Gensch, R A, and John‘*on, \ Pulmonary Valvuloplastv 
Under Direct 'Vision Using the ^lecbanical Heart for a Complete By Pass of the 
Right Heart in a Patient With Congenital Pulmonarv Stenosis, J Tiioitvcic ScEo 
26. 584, 1953 


316 


LAM TABER 


J. Thoracic and 
Cardiovas, Surg. 


10. Shumaker, H. B., Jr.: Discussion of DodriJl et al.,9 page 596. 

11. bwan, H.: Discussion of Dodrill et al.,9 page 596. 

1- Lurie P. E., and Shunmcker, H. B., Jr.: Hemodynamic Effects of Valvulotomy in 
Pulmonic Stenosis, Circulation 8: 345, 1953. 

3. Swan H., Cleveland, H. C., Mueller, H., and Blount, S. G., Jr.: Pulmonic Valvular 
Stenosis, J. Thor.icic Sukg. 28: 504, 1954. 

14. Swan, H : DisMssion in Henry Ford Hospital Symposium on Cardiovascular Surgery, 
Philadelphia, 1955, The W. B. Saunders Co., p. 72. 


Discussion 

henry swan, II, Denver, Colo.—I would like to compliment Dr. Lam on his 
usual level of presentation of his material. It is always extremely interesting and vivid, the 
way Conrad can tell you what he does. 

I merely rise to reaffirm our belief and confidence in the use of the open valvuloplasty 
for the pulmonary valve. We continue to use hj-pothermia because, unlike Conrad, although 
I admit the operation usually takes only or 2 minutes, I like to have 4 or 5 minutes 
available for a 2-minute operation, so that you don’t feel hurried. I agree, though, that one 
could certainly go back after short occlusions, as Dr. Johnson has suggested and as we have 
done with arterial septal defects for a number of years. 

Now, on the other hand, we continue to use hj'pothermia because in our opinion and in 
our practice we believe it does not add risk to the operation. The risk of hypothermia at 
30° to 31° C. we feel is rouglil}' equivalent to that of ether anesthesia, and for this reason 
we do not feel that it adds any risk to the operation of pulmonary valvuloplasty. 

We have had experience with something over 60 patients now, and we agree with Dr. 
Mahoney that there is no evidence that there is actual true infundibular stenosis associated 
with these patients. You have a hypertrophy of the outflow tract, which does go away as 
measured over a period of several months, and we have yet to see our fii-st patient who had 
true infundibular stenosis associated with valvular stenosis. 

As we are about to discuss with you in the next paper, we believe that one can very 
readily handle infundibular stenosis when it occurs as an isolated lesion and, therefore, 
although it is true that it is nice to be able to distinguish preoperatively, Dr. Lam, between 
valvular and infundibular stenosis, if,you have a patient under hj-pothermia you are able to 
manage either condition with equal facility. So that we still believe that it is desirable to 
have the patient under hypothermia, but we couldn’t agree more that the open vahmloplasty 
is the best approach to this condition. 

DR. DONALD B. EFFLER, Cleveland, Ohio.—I, too, would like to congratulate Dr. 
Lam for his presentation. It appears that the operative time is getting longer—^Dr. Lam took 
1 minute. Dr. Swan took 4 minutes, and now I propose a method that takes much longer. At 
the Cleveland Clinic we advocate surgical treatment of valvular pulmonic stenosis utilizing 
extracorporeal circulation with the pump-oxygenator. Our numerical experience is about the 
same as that described by Dr. Lam. We use cardiac bypass for several reasons. First of 
all, we, too, were displeased with the long-term results that followed the closed methods of 
pulmonary valvulotomy. Second we recognize the possibility of diagnostic error, or inadequacy 
of diagnosis. In severe cases it may be very difficult to distinguish between infundibular 
obstruction of the right ventricular outflow tract from tight valvular stenosis. Dr. Lam has 
already mentioned his experience "with the diagnostic error that resulted in a surgical fatality. 
The third reason, and perhaps the most important, is our experience with pulmonary valvu¬ 
lotomy alone. We have been more and more impressed by the significant gradient that results 
from pulmonary valvulotomy even when it is performed under direct vision. With total 
cardiac bjq)ass it is our practice to complement valvulotomy by incision of the annulus and 
the distal outflow tract of the right ventricle itself. In this way the surgeon can assure him¬ 
self that there is no obstructing moderator band or infundibular lesion proximal to the stenosed 
valve; even then relief of the gradient is not complete—at least at the immediate time o 
surged. However, catheterization studies performed a year after operation are rewarded by 
the finding of normal anatomic and physiologic function. 
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Perlhxps there is a basic dillorencc in personality and iier\ous system that permits one 
surgeon to tolerate, and the other to resent, the unrelenting pressure of the ticking clock I 
do not question that ni the hands of a gifted technical surgeon lilcc Dr, Lam, who enjojs 
this sort of operation, much can be actomplislied in the short space of one minute I do 
not question whether the operation can be done in this elapsed period of time, but I do raise 
tlie point as to whether it Should bo done. From the standpoint of surgical training it is 
my belief that this emphasis on speed constitutes some foim of surgical pyrotechnics I 
honestly beheie that the emphasis on surgical speed is a step backward lathei than foiwaid. 

It reminds me of that ancient story on the conect method of kissing an ostrich Most 
of you will remember the graphic description of technique that is followed with the admoni¬ 
tion, “Imt you’ie got to be quick!** 

Much has taken place and has boea discussed before this Society since the meeting m 
San Francisco a few years back. Perhaps it is well that four diifereut approaches to the 
pioblem are still in use the closed valvulotomy of Brock, the instantaneous valvulotomy of 
Lam, the cold valvulotomy of Swan, and the bypass valvulotomy of EfIler. Perhaps time will 
be tlm dec <lnig factor, but it must be remembered that this is a completely correctalilo 
disease and tliat our goal should be 300 per cent correction wath a minimal mortality rate 

DR JAMES ALASTAIR KEY, Toiouto, Ontario—I, too, would like to congratulate 
Dr L uu on his presentation 

There is just oiio point which perhaps might bo of some significance, and that is that I 
know Dr Lam to bo a keen musician, but I think he possibly doesn’t like Puccini, because ho 
seems to have an aversion to getting eitliei his or lus tiny' patients* hands fiozen! 

However, it is quite possible, especially m dealing with cluldreu, that the use of an air 
conditioned operating tiicater, and especially if one uses a volatile preparation for sterilization 
or cleansing of tho skui, that Dr. Lam lias been utilizing some degree of hypotherima of 
whieli he is not aware 

^Ve certainly know in children that as much as a 2* drop in temperature can occur 
under these circumstances during tlie course of opening tlie chest and exposing the heart, 
Like other discussers, it would seem to me, therefore, that the results of Dr Lam and Dr 
Taber indeed bear witness to tlieir surgical dexterity. WJietlier they justify' the abandonment 
of hypotheimia iii the treatment of direct vision pulmonary valvotomy would seem more open 
to question 

DR WILLIS J POTTS, Chicago, III—It is not a paiticularly pleasant thing to do but 
ociasionally it is necessiry. the consumption of fricasseed ciow in public The person who 
is going to observe tins proccnlurc with a certain amount of delight is Henry Swan. 

For a number of years we employed the transvintncular approach for the correction of 
pulmonary valvular stenosis Approximately 100 cluldreu were operated upon by this technique 
w th one operative death Tlie immediate results wore cxcelleut, in fact, spectacular. Since 
wo had developed special valvulotomes and dilators for this proceduie we continued to use the 
traiisventncular approach longer than we should have 

Wo now use the open direct visualization technique under hyiiothenma as described by 
Conrad Lam We are not .as fast as he, but usually complete operation on the fused valves 
111 le'ss than 3 minutes We still use the transveiitricular approach for infants with huge 
hearts 

Because of recurrent stenosis of the valve we have had to re operate on 7 children to date 
and undoubtedly will li.ivo to re operate on more m the future. Although the children who 
required re operation wore tremendously improved for some years, all symptoms returned. 
At the second operation the valve ciwps had so completely’ refused that it was impossible to 
SCO whore the cusps had been separated 

During tlie past few yeais we have operated upon 42 children with isolated valvular 
stenosis under direct vision without mortality. IVhether the cusps of the valve will again 
fuse, even though they liave been completely opened, only time will tell. 
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For the surgical approach we prefer a Y-shaped iucision. and lon^tudinal splitting of 
the sternum. A Y-shaped incision is quite satisfactory, especially for boys. If there is any 
criticism of the appearance of the incision the boy can be sent to Yale and have his letter 
before matriculation. 

PEESIDENT DE BAKEY.—I suppose, if it were really known, the path on the road 
to truth in science is strewn with the bones of fricasseed crow. 

DE. BENSON B. EOE, San Francisco, Calif.—I think that Dr. Lam^s excellent 
presentation and the paper before him of Dr. Mahoney are worthy of further support, with 
the return toward the simplified techniques which we all think are desirable for the reasons 
so well expounded. 

However, in each of these series, and in the experience of all of us, there are these 
unavoidable errors in diagnosis, which confront us with an embarrassing problem in the 
operating room. I think, therefore, we should work further toward a compromise arrange¬ 
ment permitting us to continue using hypothermia, but having the pump-o.xygenator available, 
without wasting tliis large amount of blood. 

We will hear later, I hope, more about the Edglugate blood preservative developed by 
Drs. Smith, Bro\vn, and Sealy. This method permits having the blood drawn and available 
where it can be quickly added to the pump-oxygenator and brought into use where these 
diagnostic errors arise. Blood drawn and anticoagulated in this manner can be kept for 
several days and used for other patients if not needed for the extracorporeal circuit.' 

DE. GEOEGE H. A. CLOWES, JE., Cleveland, Ohio.—Since people are advocating 
either a very quick job at normal thermic levels (Dr. Lam) or the use of the oxygenator, 
taking all the time that is wanted (Dr. Effler), I would like to recommend the compromise. 

In our clinic we have found it very convenient to follow the teaching of Ivan Brown 
and Converse Peirce on the matter of using hypothermia with an oxygenator. I draw this 
to your attention because one can use a smaller oxygenator, slower blood flows which require 
simple cannulations, and have a very easy time of it with no rush. 

We have a series of patients that have been taken down to 25° C. With external 
cannulations of the femoral veins and the jugular vein in the neck, the type of catheters 
you can easily slide into these will permit quite adequate flows and maintain very satisfactory 
conditions at 25°, which may amount to only a quarter of the flow that is required at normal 
thermic conditions to maintain pH, adequate oxygenation, and CO- levels where they should be. 

This we have tested thoroughly in dogs and have followed in the course of Peirce and 
Brown to go on to do it with patients. I recommend, for those who don't like to hurry, that 
this may be a very satisfactory way of getting around the problem and still saving the blood. 

DE. TABEE (Closing).—I would just like to emphasize two points that Dr. Lam 
mentioned in the paper. As is the case frequently in cardiovascular surgery, the operation is as 
good as the diagnosis. In our experience, valvular and infundibular stenosis are an extremely 
uncommon combination together, and the cardiolgists have been able to ferret out the cases 
of infundibular stenosis and not present those to us for a closed operation. 

The diagnostic techniques have not been anything, I believe, that are unusual, consisting 
of angiocardiography, cinefluorography, and the usual catheterization studies. 

The second and flnal comment would be with regard to the time for the valvotomy which 
has been mentioned by several discussers. I think if you were to use this technique you would 
find 1 to 1% minutes an entirely adequate period. Multiple occlusion periods are, of course, 
possible if needed. 
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S OME diffeienee of opuiioii exists eonceuung the lelative fiequeiicy of sub 
\alvulai pulmonic stenosis with intact lentiiciilai septum, oi, as inoie com 
inonly stated, isolated mfiuidibuLii stenosis 

Paul Wood,* 111 a senes of 750 eases of congenital lieait disease, found that 
2 per cent oi 15 cases weie isolated mfundibttlai stenosis Of all cases of pure 
pulinouic stenosis, he stated 4 out of 5 aie lahmlai and 1 out of 5 is lu 
fundibulai' On the otliei hand, Campbell,* in Ins senes of 1,130 eases of 
congenital heait disease of which 113 weit puio pulmonic stenosis, has seen 
onlj 2 eases of isolated infundibulai stenosis, only one of winch was con 
finned by suigeiy Abbott* iii hei 1,000 autopsied eases of congenital heait 
disease lepoited only 2 cases of infundibulai stenosis with closed intei 
sentnculai septum 

Piom the flist desenption of pine nifuiidibiilai stenosis by Elliotson,* in 
1830, until 1948, when geneial application of caidiac catheterization came into 
use, only 14 autopsied eases had been lepoiled Keith,** ui his classic lectuies 
on malfonnations of the heait, alludes to some eases of pine infmidibulai 
stenosis but the cases aie not desenbed adequately and we do not know' 
whethei any ol his eases weie pieiiously leiioited 

Since that time, most icpoited senes of pulmonic stenosis with intact 
iiiteiventnculai septum liaie a few eases of what aie believed to be piiie in 
iiiiidibiilai stenosis Besides the senes of Wood and C'nupbell, alieady mtii 
tioned, Kjellbeig* has lepoited 3 out of 25, Dow* 1 out of 8, Gloiei* 4 out of 
25, Joos*° 1 out of 26, Abialiaiiis** 8 out of 69, Dimond*’ 2 out of 20, Kirkliu** ** 
3 out of 19, and Tan Loo and his co woikers‘“ lepoitcd 6 cases of infundibulai 
stenosis of which 4 weie of the isolated vaiiety Block,*** in a iiioie leeeiit study, 
states that he has opeiated on 9 cases of infundibulai stenosis as coiiipaied with 
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111 cases of vah ular stenosis. In a perusdl of the hteratnre since 1958,'^ about 
60 cases of isolated infundibulax* stenosis lia\e been reported The great 
majority of these have been diagnosed at catheterization, a small number at 
opeiation, and the least number at autopsy 

lYe would like to lepoit 5 cases of isolated infundibular stenosis tieated 
suigically by outlining the opeiative treatment and the lesults 

CASE HEPOHTS 

Gasl 1.—M Y, .1 liljuirold ^vhlte luutlici, was seen in 1953 with a 2% jear history 
of djspnea on exertion .lud easy fatigabihtj, but no other sjiuptoms A heart murmur had 
been detected at the age of 0 jears .ind slm bid been restneted in activity bj lier parents 
However, she had had an uneventful pregnancy 2 years before admission She had had one 
episode of cjanosis in her youth after swimming a long distance 

Physical examination revealed a healthy girl with a Grade 4, rasping sjstolie murmur 
and a tlinll, both maximal in, the second and third left interspaces parastemally and definitelv 
louder m the third space than in the first The second pulmomc sound was diminished 

The clcctrocanlwgram revealed right ventricular hypertrophy and right axis deviation 
Xray studies showed a heart size within normal limits with llattcning m the mam pulmonary 
artery irea 

Cardiao cathctCTication showed a sharp fall ui pressure from nglit ventnelo to pulmonaiy 
artery, the former being 147 mni. Hg systolic and the latter 21 mm Jig systolic The actual 
level in the outrtow tract at which this fall ociurrcd was not noted exactly but was thouglit 
to bo at the pulmonary valve Oxygen saturation determinations sliowed no evidence of a 
loft to right shunt 

In tins first case, tho preopeiative dugiiosis w is isolated pulmonic vUvular stonosH 

Operation* On Nov 0, 1953, under general anesthesia, tiic patient was cooled to 30® C 
A bilateral transverse thoracotomy incision was used and, wlicn the peiicardium was opened, it 
became obvious that there was a definite infundibular chamber in tlie outflow tract of the right 
ventricle which was beating out of phase with the rest of the ventricle The chamber enlarged 
during early systole, then contracted during ventricular diastole A definite line of demarea 
tion between the main part of tho ventricle and the cliambci was clearly visible and tlio thrill 
commenced at that point After inflow and outflow occlusion, the infundibular chamber was 
incised vertically through an area previously uifiltiated with 1 per cent procaine. Theie was 
a stenotic ring at the lower end of the chamber with a 35 mm aperture TJie pulmonary 
valve w IS normal Using a punch, tho ring was excised in bites until a finger could easily be 
passed down into the right ventricle The incision in the infundibulum was closed witli inter 
rupted mattress sutures of silk Total occlusion of circulation lasted 5 minutes and 10 seconds 
After this, the thrill was markedly diminished and tho infundibulum now beat m phase with 
tho ventricle 

Tho postoperative course was uneventful, and when seen m July, 1954, she was asympto 
matic A murmur v\as still present but tlie second pulmonic sound w.as now normal. An 
electrocardiogram revealed considerable regression of the right ventricular hypertrophy. 
Cardiac catheterization 8 months after operation showed a pulmonary artery pressure of 27/6 
mm. Hg On withdrawal of the catheter an area of pressure of 29/0 was found and on with* 
drawing further mto the right ventricle a jump to 66 mni Hg systolic occurred (as compared 
wath a preoperative pressure of 147 inra Hg) No further studies Jiave been performed to 
see if there has been any further change in ventricular pressure m tho last 5 years (see Tig 
1 ). 

Case 2—L H, a 9 year old wluto boy, had a known heart murmur smee years of 
age At that time ho had had attacks of famtmg accompanied by cy.anosis of tho face and 
rigidity of tho whole body. These attacks ceased at the ago of 5. He had some dyspnea on 



L H. Case 2. M. 9 yr 






















Vol 38 No 3 
September, 1959 


ISOLATED INFUNDIBULAR STENOSIS 


323 


cxertioa and fatigability, but no squatting or cyanosis otlier than that mentioned. He ^^a3 
admitted to Colorado General Hospital because of a skuU fracture on Dec. 3, 1055, and later 
leferred to the Cauliology Depaitment 

Physical examination rciealcd .lu undersized, chronically ill child. A slight right 
\entiicular lift uas felt along tlie lower left stciiial border. A marked systobc thrill maximal 
in the second left intercostal ‘<pace was palpated close to the sternum Auscultation revealed 
.1 harsh, Giade 4 systolic murmur in the second left mtcicostal space which radiated to the 
apex and became more high pitched as one moved downward 

The elect}ocarihog)am roicalcd right ventricular lijpeitrophy 

Ftworoscopy showed dccieased. lung va^ulatity with a normal aoita and a prominent 
main pulmonary artciy. Tlie right atrium and right ventricle wcio cnlaigcd. 

Cardiac cathcterication, on Jan 20, 3956, sliowcd that the riglit vcntiicular pressure was 
markedly elevated at rest, 135/b mm. Ilg The pressure ui the infundibulum was only 39/6, 
and tlie pulmonary aitery inessure was 40/17. The infundibular chamber appealed to extend 
from low m the right ventricle to the pulmonary vahe Peripheral arterial saturation was 
97 3 per cent at rest and 89 8 per cent at exercise No e\ideiice of left to iiglit shunt was 
shown by the Oj saturation studies 

Tlie preoperntivo diagnosis was isolated infundibular v.ilvular stenosis, possibly with a 
right to left shunt on exercise through a jiatcnt foramen ovale. 

Opeiation' On Jan 24, 1956, under general anesthesia, the patient was cooled to 26 5® 
C The pulmonary artery was of normal size. Au obvious infundibular rhambor was seen 
which boat out of time with the rest of the right ventiicle The vigorous thrill commenced 
over tlie infundibular chambei which was 3 mm thick The tight fibrous infundilmlar 
stenosis, about 3 to 4 mm in diameter, was treated by excising a poition of crista supia 
ventnculaiis, the iing of fibrous tissue, and some muscle A finger w is then passed into tlie 
mam cavity of the right ventuclo and no ventricular septal defect could be felt. No red 
blood appeared in the right ventricle during the procedure indicating that both septa wore 
intact, A running mattress suture closed the incision during release of inferior vena caval 
occlusion Total occlusion time was 5 minutes and 40 seconds. Palpation levealed no thrill 
remaining over the infundibulum The patient made an uneventful locovery 

Postopcjatiic catdtao latJulcTization on Fob 35, 1956, showed that no systolic pressure 
gradient lemained between light veutricJo and pulmonary aitery, the systolic pressure in eacli 
bemg 55 mm. Ilg The 0, saturation studies levealed no evidence of left to right shunt The 
arterial Wood was fully satuiated with oxygen at rest and after excrci^'C 

Follow np ohservatiO}i m June, 1957, iY^ years after operation, showed the patient to 
be asymptomatic with no exercise intoloraiice The electrocaiJiogram still showed some right 
ventricular outflow tract hypertropliy but a definite improvement Ind occurred A Grade 3 
murmui still remained, but the second pulmonic sound was increased The patient no longer 
had pulmonic stenosis but lud mild pulmonaiy hypertension (sec Fig. 2). 

Case 3 —J W, a 21 year old white woman, li id .i known he irt murmur since birth, but 
had had no symptoms until 6 months piioi to aduiissiou when she developed chills md fever 
and subsequently complained of easy fatigability and a considerably reduced exercise toler¬ 
ance She had had two fainting spells 

Physical examination, when she was first seen m December, 1956, revealed a marked 
systolic thrill and a harsh, r ivpuig Grade h systolic murmur over the cMitiro precordium, both 
maximal close to the sternum iii the third left mtcicostal space The murmur was very loud 
and could be heard at some distance from the dust w ill. It was louder in the third than lu 
the first intercostal space, and as loud in the fouith as in tlie second A sustained thrust 
was felt at the lower left sternal border. 

Tlio elcotrocardiogiam revealed siuus tachycardia, 338 per minute, and right ventricular 
hypertrophy 

Fluoioscopy showed an enlarged pulmonary tiunk v'lth norm il left and right pulmonary* 
arteries. Tho right side of the heart was enlarged 















Vol 38 No 3 
September, 1959 


ISOLATED INPUNDIBXJLAB STENOSIS 


325 


Cardiao cathctencatton, on Dec 7, 1956, showed that the pressure lu the pulmonary 
artery uns 13/8 mm. Hg and that an abrupt rise to 90/8 mm. Hg occurred at some distance 
below tho pulmonary valve m the infundibular region of the right ventricle There uas no 
pressure change at tho pulmouar} valve, itself No evidence o± a shunt or peripheral arterial 
Oj desaturation was found 

The prcopcrativo diagnosis was isolated mfimdibular pulmonic stenosis 

Operation. On Dec. 11, 1956, with tho patient under general anestliesia and hjpo 
thermia, a bilateril transverse thoracotomy was used. The lungs were verj pale The heart 
was slightly enlarged A clear cut infundibular chamber was seen distal to a line of do 
marcation, 4 cm below the pulmonary valve The systolic thrill was ma\imal in the chamber 
and diminished along the pulmonary artery which showed only sbght post stenotic dilatation 

The wall of the infundibulum v\as incised after inflow outflow occlusion and ncostigmino 
bradycardia. A moderate sued cliamber was entered The stenosis at the lower end ad 
nutted tho tip of the index finger and was composed of a dense nbrous ring and, in addition, 
comprising its postenor border, was a broad band of muscle running obliquely upward acres'! 
tho lumen of the ventricle Using scissors and forceps, tlio entire ring and portions of the 
mu'!cle were excised until it was possible to admit three Angers tlirough tlio opening Tlie 
absence of red blood m the right ventricle eliminated tho possibility of i ventricular septal 
defect. Tho wall of the infundibulum was 3 mm thick, while the wall of the right ventricle 
was 11 mm. thick Tho incision was closed with interrupted sutures Occlusion time was 
5 mmutea and 5 seconds Recovery was uneventful 

Postoperative catheterization, on July 23, 1957, showed that tlie systolic pressure in both 
tho right ventricle and the pulmonary artery was 26 mm Ug, tliere being no gradient wlint 
‘loovcr There was still no evidence of a shunt and peripheral arterial saturation was agam 
normal Indicator dilution studies were normal. 

Tho clectrocaidwgram showed oulj slight residual right ventricular liypertrophj When 
last seen, 8 months after operation, the patient was nsj-mptomatic The thrill had dis 
appeared, but a Grade 2 systolic murmur in tho second left interspace remained It was 
concluded that tlio patient was cured (see Fig. 3). 

Case 4 —D. S , a 20 jear old white man, was first seen in Maj, 1954 Ho had been blue 
tor 3 days after birth A heart murmur was noted. Growth was nornuil After tho age of 
10, he began to have syncopal attacks about every C months up to the age of 15, and more 
lecentlj he had experienced mild exercise intolerance He was said to luive had a dusky com 
plexion, but no definite proof of cyanosis had been established 

Physical examination of this well developed >oung man revealed slight duskiness of nail 
beds and lips, but no definite central cyanosis Prominent “a” waves were noted m the neck 
A slight right ventricular lift was present at lower left sternal border A systolic thrill and 
a harsh, Grade 4 systolic murmur were present over the precordium, maximal over the inner 
end of the second and third left intercostal spaces 

Tho cicctrocardiogiam suggested right ventricular hypertrophy 

Fluoroscopy revealed enlargement of the right atrium and the right ventricle Proiiii 
uent left but normal right and mam pulmonary arteries were noted 

Cardiac catheterization, on .Tuly 20, 1954, showed a gradient in systolic pressures of 75 
mm Hg between mam pulmonary arterj and right ventricle, right ventricle, 100/-3 mm Hg 
and pulmonary artcrj, 19/G However, tins rise seemed to occur about one third of tho way 
down the loft border of the heart and not at the pulmonary valve level There w is no cvi 
deuce of a shunt and tlie systemic arterial O, saturation was normal llie preoperative diag 
nosis was isolated infundibular pulmonic stenosis 

Operation. On April 2, 1957, under general anesthtsui, tlie patient w.is cooled to 30 5” 
C Bilateral thoracotoni), using the fourth mtcrcostil space on tho right and tlie third on 
tho left side, was performed Tho heart was large, mainly on the right side, and tho right 
ventricle was hjportrophied. A very small infundibular chamber, about 1 cm long, with a 
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thin seen Tho systolic thrill began in this chamber and was propagated on to the 

pulmonary artery whoro it ^^a3 maximal over the mild poststenotic dilatation The outflow 
tract was infiltrated with 1 per cent procaine and, usmg inflow outflow occlusion and 
jicostigimno bradycardia, au incision W4as mado in tho right ventricle extending up tlio out¬ 
flow tract and into the small iiifimdibular chamber. This involved cutting through a fibrous 
stenotic ring It was found that tho infundibular chamber was triangular in section as the 
obstructing diaphragm ran upward and backward and almost fused with the pulmonary valve 
posteriorly. As much as possililo of tho obstructing sheet was excised. Palpation upward 
revealed .i normal pulmonaiy valve and palpation downward revealed firm muscle around tlio 
finger in tho outflow tract, but no actual stenosis. Closure was effected by a running suture 
III the Illusion Total occlusion time was 4Vi minutes Becovery was uneventful 

Pnstopcratnc cathetaisation, on May 16, 1957, 6 weeks after operation, showed a 
pressure of 63/8 in tho right ventricle and a picssuio of 21/10 in the pulmonary artery, and 
a systolic gradient of 42 mm Ilg compared with 81 mm. Hg before operation An ludicatoi 
dilution curve revealed no evidence of a right to left shunt 

The rlcctroMrdiogram remained unchanged 

Since operation ho lias had an increased exercise tolerance and has felt well There re 
mams a Giade 2 systolic murmur of dimiiushcd intensity. The patient is clearly improved 
(bCe Pig 4) 

CAfal 0 —L D , a 91 A year old white girl, was admitted m August, 1958 She had been 
known to hue a heart murmur for 4 years prior to admission and had been having mild 
dyspnea on exertion and some fatigability'. The previous winter she had had a severe uppci 
uspiratory tract infection 

Physical examination revealed a right ventricular lift along tho lower loft sternal bordoi 
A thrill and a harsh, Grade 4 systolic murmur were noted over tlio prccordium, maximal m 
tho second left intercostal space, but louder 111 the third than in the first space 

Tho clcoiiocaidiooiam showed right ventricular hypertrophy 

Fluoroscopy revealed slight prominence of the mam pulmonary artery and an enlarged 
ngiit atrium and right ventricle 

Cardiac cathctcmation, on Aug 15, 1958, showed a pulmonary artery pressure of 24/11 
and A right ventricular pressure of 99/0 iimi Hg The rise m pressure ocLurred low m tho 
light ventricle There was no evidence of a shunt in either direction 

The preoperatue diagnosis was isolated iniundibular pulmonic stenosis 

Opeiation On Oct 27, 1958, under ether anesthesia, tho patient was cooled to 30 5“ C 
A large infundibular chamber with a thm wall was found while the mam riglit ventricular 
wall was thick Tlio pulmonary artery was normal m size The thrill commenced at the lower 
border of the infundibular chamber 

On openiiig the cliambcr, it was found tlist the stenosis was formed by a muscular 
diaphragm with two small fibrous rimmed holes m it The pulmonary valve was normal The 
stenosis was excised by extensive dissection with knife and scissors After this procedure, 
the chordae tendmeac of the tricuspid valve were easily seen No red blood entered tho right 
ventricle Tho mcision was closed by tying previously placed stiy sutures Total occlusion 
tune was 4 minutes, 50 seconds The thrill had now disappeared and the pulmonary irtery 
was puLatmg well 

Postoperative cathetcnzation, on March 20, 1959, showed that tho pressure m the m 
fundibular chamber was 20/0 mm. Hg and in the body of the right ventricle 30/0 mm Hg, 
thus, the systolic pressure gradient had fallen to 10 mm Hg (75 mm Hg before operation) 
(see Fig 5) 

PATHOLOGY 

It appears that infundibular stenosis is caused by ariest of the iioinial 
involution of the bulbus eoidis which should be iiicorpoiated into the right 










Vol J8 No 3 
September 1959 


ISOLATED INFUNDIBtJL^VE STENOSIS 


329 


\entiicle by the end of the second month of intiauteime life, thus fonning 
the outflow tiact of the light ventiicle “ 

The stenosis, it is said, niaj be of tiio types (1) fibioiis and miisculai 
tissue cieate a naiioned aiea in some poition ot the mfiindibulum dividing the 
light lentiicle into two ehainbeis ot unequal si7e, the one with an hjpeitiopined 
wall, the othei dilated and thin walled, and (2) the infimdibuliini is shiunken 
m sive with thick inuseular walls constituting a fiisifonn stenotic outlet e\tend 
ing o\ci some distance In oiii seiics, we have not encounteied this lattei type 

GLIMCVL m VGNOSIS 

Ihstoiy —A heait imumiii may have been fiist noted at any age Such 
a inuimui, of toui’se, has leally been picsent since biith The symptoms, it aiij, 
aic identical with those ot vahulai pulmonic stenosis and include exertional 
djspnea, fatigue, syncope, di/vincss, anginal pain .md, eventually, edema and 
light hcait failuie Clubbing and ccntial cyanosis indicates the piesence ot a 
septal detect in both gioups and lules out an isolated obstiuction The histoiv 
IS ot no aid in delineating the site ot the stenosis 

Physical Findings —The following points mav help to ditfeientiate in 
fundibulai stenosis fioiii vahulai stenosis (1) light ventiiculai precoidial 
lift may bo absent in veij low iiifuudibulai stenosis, (2) the thiill and systolic 
muimui aie usually maxiinal in the thud left inteicostal space m mfundibulai 
stenosis and liighoi up in vahulai stenosis,'-’ (3) the second heait sound may be 
widely split in mfundibulai stenosis with a noimal oi dnnmislied pulinonaij 
component, (4) usually no post-steiiotic dilatation ot the pnbnonai-j aiteij 
IS seen on \ lay in mfundibulai stenosis and, in the iiglit aiiteiioi oblique view, 
the left lowei mid segment may bulge, and (5) on fiuoioscopj, the pulsations 
ot the mam pulmonaiy aiteij aie increased in valvulai stenosis, but not in the 
infundibular type 

Looking at oui cases, the only one of the above featuies which occuiied 
constantly was the lowei site ot the miuiiuu and thiill These weie always 
loudei in the thud than in the hist space 

Elect)ocaidiogiam —Right ventiiculai hypcitiophy is piesent in both types 
of obstiuetion 

Fluoioscopy —One would expect to note less poststenotic dilatation of the 
piihnonaiy ai-tery with infundibulai stenosis but, in oui cases, we weic unable 
to coiielate the flnoioscopit findings with the actual anatoinv seen at suigeiy 
in 2 of the 5 cases When the extieines (eithei veiy pionoiinced dilatation oi 
apiiaient dniiinution m pulmonaiv' aiteiy size) aie piesent, the finding is 
piobably helpful, but in the inteiinediate stages, the fluoioscopy^ obsei-vations do 
not aid in the diffeiential diagnosis 

Thus, if oui patients aie lepicsentative, we find no nnpoitant advance has 
btcii made in the clinical diffeientiation between isolated vahulai and in 
tundibulai stenosis since Bane,'” m 1895, noted that the iniiiimii and thiill weie 
located lowei on the piceoidium in mtimdibulai stenosis 
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Cardiac Catheterization. —It has been assumed that cardiac catheterization 
would be efficient in revealing three distinct pressure zones in pulling back from 
pulmonary artery to right ventricle, the lowest mean pressure being in the 
infundibulum.“ In going from pulmonary artery through the valve into the 
infundibulum, the systolic pressure rises abruptly wlrile the diastolic pressure 
remains constant. Moreover, the right ventricular pressure curve does not 
appear iintil the catheter tip is well below the valve level. 

Despite this thesis, at times the diagnosis of infundibular stenosis comes as 
a surprise to the surgeon and the cardiologist at operation. Fabrieius,-^ report¬ 
ing on 50 patients submitted to pulmonary valvulotomy for either isolated 
prrlmonary stenosis or the tetralogy of Fallot, had 5 cases in which catheteriza¬ 
tion was iirterpreted as revealing a valvular-type of stenosis yet, at operation, 
infundibular stenosis was present. Antonius,-- in reporting 39 cases akin to 
those of Fabrieius, found 11 cases of infundibular stenosis at operation of which 
only 2 were diagnosed by catheterization. This discrepancy has been com¬ 
mented upon by almost all groups with extensive experience in the surgery of 
pulmonic stenosis. 

Kirkliffi® has stated that a sudden transition from pulmonary arteiy to 
ventricular pressure curve can occur not only in valvular stenosis but also in 
pure infundibular stenosis, if the obstruction is situated close to the valve. 
Certainly, this has been our own expeinenee. 

In 4 of our eases, the right ventincular pressure euive did not appear until 
the catheter was well below the usual site of the pulmonaiy valve. In the one 
exception, the site was not noted. "We found this observation, when present, to 
be uniformly valid and we think that this is probably the best contribution of 
cardiac catheterization toward confirming the diagnosis of infundibular stenosis. 

Other Methods of Diagnosis. —Rudhe^’ and the group at the Karolinska 
Institute in Sweden describe selective angiocardiography and electrokymography 
as giving excellent results in differentiating valvular from infundibular stenosis. 
We have had no expenence with these techniques. 

Differential Diagnosis .—^Besides valvular stenosis, the most difficult disease 
to differentiate from mild infundibular stenosis is the maladie de Roger. In 
mild infvmdibular stenosis the split of the second sound is wide and the thrill 
and murmur may be situated higher than in maladie de Roger. As the 
severity of the lesion increases, this differential diagnosis becomes much 
easier." 

Other entities that may simulate mild infundibular stenosis are atrial 
septal defect and mild aortic or subaortic stenosis. Careful clinical evaluation 
will avoid confusion with these entities. The differentiation between severe 
infundibular stenosis with patent foramen ovale and the tetralogy of Fallot, 
while very important, is not pertinent to this discussion of pulmonic stenosis 
with intact septa. 

SURGICAL THERAPY 

Like pulmonaiy valvular stenosis, the actual manipulative period of the 
excision of infundibular stenosis does not need to be veiy long, perhaps 4 to 6 
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minutes Therefoie, the teelmique of hypothenma has pioved quite safe and 
satisfaetoiy foi this pioceduie Theie appeai-s to haie been a ividespiead 
opinion tliat incision into the human lentiiele is apt to piecipitate leiitiiculai 
fibiillation in the hypotheiinie patient This opinion uas, no doubt, denied 
fiom animal evpenmentation, smee, at 25° C, light veiitiiculai incision in dogs 
invaiiably piecipiUtes fibi illation This tiaiisfeience between species is ineiely 
anothei example of the daiigei of tianslating canine eaidiae lespoiises to man 
We have incised and latei sutuied the hjpothciinic light xentiitulai myo 
caidium, aftei infiltration with 1 pci cent pioeauie, in 16 patients whose leetal 
teiiipeiatiiies were between 26 and 31° C and ha\e not seen a single episode 
of xentneidai flbiillatioii as a lesiilt of this incision As in othei opeiatioiis 
suitable foi hypotheiiiiia, aeeiuate pieopeiative diagnosis lelatne to the 
integnty of tlie eaidiac septa is impoitant, lest the suigeon find hmiself it the 
opeiating table staling at an unexpected malfoiinatiou, the collection of nhich 
would requiie caidiopulmouaiy bjpass It is not eiitieal, lioueiei, to dis 
tinguish iiifuiidibulai fiom vahulai stenosis since both aie icadily and safeh 
tieated usuig hypotheimia alone 

The tiansieise sternal splitting incision, utilizing the fouith niteispace 
on the light and the thud on the leit, has pioxed ideal foi both the leiia eaxa 
dissections and the infundibulai pioccdme A \eitical sternal splitting pioce 
duie may be equally effective, pioxided that the skin incision is tiansieise and 
submanimaiy to avoid tlie disfiguiiiig scai usually loft uhen the leitical sternal 
splitting incision is employed 

Positioning of the patient so that the caidiotomy is as supeiioi as possible 
IS impoi’tant to axoid tiapping an, as it is in all othei opeiatious ou the heart 

Aftei wide pericaidiotomy to expose the myocaidium, inspection of the 
light ventiicle has nnmcdiatoly leiealed the site of the pulmonic obstiuction in 
all of oiii cases An infundibulai chambci, whethei small oi laige, has been 
seen, sepaiated fiom the lemaindei of the hjpeitiopined tense ventiicle by a 
distinct giooie ciossing the outflou tiact The ehambei bulges duiiiig eailx 
s>stole, thus having a paiadoxical motion which puts it out of phase with the 
lest of the ventiicle (One would suppose that tins motion might be visible on 
occasion at the pieopeiatiie fluoioscopv) The iigoious sjstolic thiill in 
xaiiably begins in the nifundibulai chaiubci, although ni 1 patient with a leiy 
high obstiuction (Case 4, D S ), the thiill did not become maximal until the 
palpating finger was mo\ ed about 1 inch bej oiid the x alve i iiig The ptihiionai-x 
artei-j in this patient also shoxved slightlj more posl>stenotic dilatation thin 
xvas seen in the othei patients, although in none of them did this enlaigcment of 
the pulinonaiy aiteiy appioicli tliat eoinmouly seen with xalxulu disease 

Tapes die placed aioimd the two xcuae eaxae neai tlicii entiante into the 
auiicle We haxe loutmelj infiltiated the m 3 0 (.aidmm of the outflow tiact 
above and beloxv the infundibulai giooxe with 1 pei cent pioeaine to dimmish 
the nunihei of stimuli aioused bx incision, letiaction, and sutming of mxo 
caidium Tins step maj not be nectssaix’’ but, since no episodes of xentiieular 
hbiillatioii have occinied, xxe haxe continued its use Staj sutuics aie placed 
to each side of the pioposcd meision, and one at each end, to aid in the lapitl 
closuie, xvhich can he done while ciiculation is being lestoicd 
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"When all is ready, inflow oeelitsion is perfomied by traction on the tapes 
aimind the venae cavae. The aorta is cross-clamped about 1 inch above the 
heart and 1.0 to 1.5 ml. of 1:4,000 neostigmine is perfused into the coinnary 
cii'culation by injection into the root of the aorta. The aortic clamp is then 
removed, and both aorta and pulmonary artery are clamped as close to the 
aortic roots as possible. This clamp is designed to stop eoronaiy blood flow 
and to prevent back bleeding from pulmonary artery. The incision into the 
ventricle must then be made very rapidly so that distention of that structure 
■wiU not occur. 

The incision begirrs in the infmrdibular chamber when this structure is 
sufficiently large. It may traverse the stenosis or extend to a point just above 
it, as the occasion demands. Through this incision, the obstructing tissue is 
■widely resected using whatever instruments the operator selects. Punches, 
scissors, and the knife nray all be needed for a given situation. The extent of 
the resection should be as wide as is eomiratible with safety. The inter- 
venti’icular septum and the wall of the ventricle are, of course, preserved, but 
muscular bands involving the crista supraveirtricularis may be resected. 

The failure of bright red blood to enter the right ventricle is takerr as 
proof that no septal defect, however small, is present. 

On conchision of the definitive portion of the infundibular resection, the 
assistant pulls up on the stay sutures arrd the closure of the ventriculotomy 
by continuous suture is begun. At this point, blood is allowed to enter the 
right atrium and air is expelled from the heart via the incision. The clamp is 
then removed from the aorta and pulmonary aihery so that blood flow to lungs 
and body is resumed. There may be sonre leakage of blood from the ven- 
triculotonry during this period, brrt this is minimized by the assistant as the 
operator rapidly places the first layer of the continuous suture, thus sealing 
the incision. A second layer creating the so-called “baseball stitch” may now 
be placed leisurely, and reinforced with interrupted sirtures as seems indi¬ 
cated. We have frequently reinforced this closure mth a patch of peri¬ 
cardium se-irn to the myocardium. 

After the circulation seems satisfactory, the pericardium may be loosely 
closed, chest tubes placed, and the incision closed in the manner of the 
surgeon’s choice. 

RESULTS 

Of the 5 patients, 2 had mild residual gradients, 1 had no gradient but a 
mild pulmonary hypertension (50 mm. Hg), while the other 2 had normal 
hemodynamics. All patients were much improved clinically, and it is felt that 
they now have cardiovascular physiologj’’ compatible Avith firll exercise and lorrg 
life. 


SUilAIARY 

1. Of the 5 eases of isolated infundibular pulmonic stenosis presented, there 
was a correct diagnosis preoperatively in 4. The diagnostic criteria are dis¬ 
cussed. 
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2 Opeiation \\as peifoiined in each case dining hjiiothennia, losectiug tlie 
obstiuetiiig tissue imdei diiect \isioa iiaa vcntiiciilotom 3 

3 Hypothemia is ideally suited foi the suigieal tieatineiit of isolated m 
fundibulai stenosis, since eithei vahiilar oi iiifiindibulai obstinction can be 
offectiveli and safelj’ ticatcd using this teclmiquo alone 


ADDENDUM 

Siiico this report was unde, 3 iddition il p-iticnts hi\o been operated upon, the 
same method ^nth excellent lesults 
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Discussion 

DE-. JOHANA L. EHRENHAFT, Iowa City, Iowa.—All of us who are doing open intra- 
cardiac surgery have and will encounter this relatively rare congenital anomaly under discus¬ 
sion. We have seen it in 5 patients. Being advocates of both methods, hypothermia and extra¬ 
corporeal circulation, we have used the extracorporeal circuit in patients ivith infundibular 
muscular stenosis by preference, even though we prefer hypothermia for correction of pure 
valvular pulmonic stenosis. As it has been stated, the differential diagnosis between a valvular 
pulmonic stenosis and an infundibular muscular stenosis without an associated septal defect 
can at times be difficult. This is especially true if the muscular infundibular stenosis is located 
distal in the right ventricular outflow tract. The time required to completely resect this 
often massive muscular ridge is sometimes longer than one can gain by the use of hypother¬ 
mia alone. This was brought Iiome to us b3’ a patient in whom we resected about 15 grams of 
right ventricular muscle before the right ventricular outflow tract obstruction was completely 
relieved and this required about 40 minutes. 

If the infundibular muscular mass is completely resected, no residual thrill or murmur 
should exist and there should he no pressure differential between the right ventricle, the right 
ventricular outflow tract, and the pulmonarj' artery. 

DR. GILBERT S. CAMPBELL, Oklahoma City, Okla.—A patient with isolated infun¬ 
dibular obstruction ndth an interesting antecedent history was recently admitted to the 
University of Oklahoma Hospital. 

(Slide) I think the anatomj’- is depicted fairlj’ well in this drawing by Dr. Richardson. 

This next slide will show what was seen at the time of cardiotomy into the infundibular 
chamber. 

Tills next slide wall show a blow-up of the infundibular diaphragm. 

This patient had a Brock procedure done in June of 1956, and the knife had been 
introduced and manipulated only in the infundibular chamber and the pulmonary artery. 
On re-admission in late March of this j'ear the right ventricular systolic pressure was 164 
mm. Hg. Following excision of this infundibular diaphragm, the systolic pressure in the 
right ventricle was 45 mm. Hg. 

To date we have operated upon 11 patients at Oklahoma, and the defects include 
tetralogy' of Fallot, partial A-V canal, atrial septal defect, infundibular stenosis (shown 
here), and isolated pulmonic stenosis. The mortality has been zero per cent. 

DR. PAUL AV. SANGER, Charlotte, N. C,—I would like to congratulate Dr. Hederman 
on his excellent English and his well-organized paper. 

There is one thing I did not understand which I would like for him to explain. I 
thought he made the statement that with infundibular stenosis he also got post-stenotic 
dilatation, as we always get in valvular stenosis. This is a finding which has never been 
reported before and is against all hemodynamic principles as applied to post-stenotic dilata¬ 
tion. It has been an accepted diagnostic differentiating point that when post-stenotic 
dilatation occurred in the pulomary artery it was unquestionably always due to a valvular 
stenosis. 

DR. PRANK GEEBODE, San Francisco, Calif.—My ballot certainly is in favor of 
using extracorporeal circulation with most operations for relief of pulmonic stenosis, reserving 
hypothermia for the very young patients with valvular stenosis. 

AVe have seen congenital infundibular stenosis in patients who have been very carefully 
screened and were thought to have pure valvular stenosis, and we have also found that there 
are not infrequently' small interventricular defects associated with high infundibidar stenoses. 
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Although it IS possible, as has been shown by Henry Swan’s very nice work, to resect the 
infundibulum utilizing hypothermia, my own belief is that extracorporeal circulation gives 
more security and the opportunity to perform a more complete operation. 

In regard to Conrad Lam’s paper, I am reminded of work wo did m the expenmeutal 
laboratory some years ago, when we, too, were studying hypothermia and pulmonic valve insuffi¬ 
ciency. We wanted to resect the entire pulmonary valve I deveIo£)cd a very nice teclinique 
using hypothermia; then one day I came into the laboratory and found most of the dogs had 
already been done by one of the young men without the aid of hypothermia and with a lower 
mortality rate than v\hen liyTiothermia was used This merely shows that one can usually do 
an open cutting procedure on the pulmonic valve without metabolic or circulatory support, 
but I certainly agree with Don Effier and some of the others that rapidity m this sort of 
thing is not always desirable Accuracy and the possibility of having to extend the operation 
make the uso of extracorporeal circulation most desirable At the present tune I do not 
believe that there is much inliercnt danger in using a properly designed and operated pump- 
oxygenator system. 

DR HENRY SW^VN, II, Denver, Colo —I would like to respond to Dr Gerbode by 
saying that we don’t feel in any way that we are casting a vote at this time for any ty'pe of 
technique We use hypothermia; we uso cardiopulmonary bypass We have happened to use 
a combination of both rather frequently We tend to use in our clinic the one which in our 
hands gives the best results to the patient at the lowest risk 

The only real argument wo have for using the open valvuloplasty and resection of the 
infundibulum using hypothermia is the very satisfactory end results achieved, Dr. Gerbode, as 
objectively measured in tlie vast majority of these patients, and tlie fact that m some 65 such 
patients there has not been a death. So we feel tlmt tins particular teciimque and this 
particular argument is pertinent to the uso of the method 

DB HEDEBIIAN (Closing)—First, I would like to thank the discussers for their 
suggestions 

Two questions m particular I would like to reply to, one of Dr Sanger, wlio commented 
on the post stenotic dilatation. There was 1 patient wlio had very definite post stenotic 
dilatation, and this cose was a boy who had an extremely liigh obstruction He had a very, 
very small tnangular infundibular chamber, right up .against tlie pulmonary valvo, and the 
actual septum ran obliquely, so that posteriorly the septum was right up against the valve, and 
anteriorly tliere was only 1 cm distance between the valve ring and the lower edge of the 
infundibular chamber- 

It IS easy to see that in this instance tlie jet of blood coming through the infundibular 
stenosis, which was very tight in this case, would go right through the pulmonary valve and 
create the post stenotic dilatation in any of the ways tliat have been ascribed to be the cause 
of this condition 

I think this case also emphasizes oui statement that it is not always possible to diagnose 
this condition preoperatively Very careful cardiac catheterization will be needed in such 
cases as this, to differentiate cither the infundibular chamber or the fact tliat the stenosis 
occurred a little below the valve It is interesting that this boy did show tlic lower site 
of murmur and thrill, which was described so many years ago by Barrie, and none of our more 
modern methods were effective So wc feci that this is one of the reasons for doing tliese 
eases of pulmonary valvular stenosis under hypothermia rather than under normothermia, 
because it is possible, even with careful cathctcnzation, to run into this kind of diagnostic 
difficulty with a very high infundibular stenosis I think Kirklm has also commented on tins 
in a paper some years ago 

Now the second question, if I am not running over my time. Dr Gerbode mentioned 
tho I V. effect I should have added that m all our cases no red blood came into the right 
ventricle duniig the procedure 

Finally, Dr Do Bakoy, I would like to thank tho yVssociation and members for this 
privilege of speaking on this side of the Atlantic to you all. 



SURGICAL EXPERIENCES IN THE TREATMENT OF CONGENITAL 
MITRAL STENOSIS AND MITRAL INSUFFICIENCY 

George W. B. Starkey, Al.D., Boston, Mass. 

C ONGENITAL mitral valvular lesions are rare cai’diac anomalies but can cause 
severe incapacitation and death in children. It would appear that some 
of these lesions are amenable to surgical therap}-. At the Boston Children’s 
Medical Center, 5 patients with severe congenital mitral stenosis and 2 with 
congenital mitral insufficiency have been operated upon between 1955 and 1958. 
The clinical, pathologic, surgical, and hemodjmamic aspects of these cases will 
be discussed. 

CONGENITAL JIITRAL STENOSIS 

Eleven cases of “pure” or uncomplicated congenital mitral stenosis were 
found in the literature. There were 38 additional cases but these were associ¬ 
ated with other cardiovascular anomalies, usually left sided, such as, aortic 
stenosis, coarctation, patent ductus arteriosus, etc. Thirty-four of these cases 
were reviewed by Perencz^ and his associates and 9 new cases were added. 
Bower,- Maxwell and Young,® Kjellberg,* Bi’ando,® and Bernstein® and their 
co-woi'kers have reported 7 further cases. 

The prognosis in congenital mitral stenosis uncomplicated by other valvular 
or aortic lesions is poor, as pointed out by Braudo, since 8 of the 10 patients he 
reviewed were dead ruider the age of 2 years. Of the 5 in the literature who 
were operated upon only 2 were alive at the time thej'- were reported, 1 for at 
least 7 months and another for 16 months. 

Clinical Material .— 

There were 5 patients with congenital mitral stenosis operated upon at the 
Boston Children ’a Medical Center. The age range was 2iA to 15 yeai’s. There 
were 3 girls and 2 bo3's. The diagnosis was made on the basis of the early age 
of detection of a mitral diastolic murmur (between the ages of 2 weeks and 14 
months in 4 and at 5 years in the fifth patient). There was no history or other 
evidence of rheumatic fever. 

xUl these children were veiy ill and in congestive failure. Severe respira- 
toiy infections, underdevelopment, and dj-spnea were present in all. Three of 

Prom the Department of Surgery, Harvard Aledical School and the Children’s Medical 
Center, Boston. Mass. 

This work was aided by grants from the Massachusetts Heart Association. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at Los Angeles, Calif., April 21-23, 1959. 
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Fiff 1—Cong-enltal nutral stenosis FicoPeratUe roentgenograms 1 Case 1 B, Case 
C, Case 3 I> Case 4 and h Case 5 
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the 5 patients had had repeated bouts of syncope, often accompanied by cyanosis. 
A fourth patient liad grand mal seizures accompanied by cyanosis' during bouts 
of crying. Hepatomegaly was noted in all 5 patients, splenomegaly in 3. The 
cardiac findings revealed normal sinus rhythm, an apical diastolic rumbling 
murmur, loud Po, P pulmonale in all 5 patients. An, apical systolic blowing 
murmur was found in 3 and right ventricular hypertrophy in 4. By x-ray 
examination there was cardiomegaly in all, with enlargement of tlic right ven¬ 
tricle, left atrium, and pulmonary artery (Fig. 1). 

Four patients were eatheterized preoperatively. There was evidence of 
marked elevation in pulmonary capillary pressure (27 to 30 mm. Hg mean), 
redeeting obstruction at the left atrial level. There was also increased pul¬ 
monary vascular resistance from 4.0 to 10 units (normal 3 units). In 2 patients 
studied postoperatively, 1 .showed reduction in pulmonary artery pressure and 
both showed reduction in pulmonary capillary pressures. 


ABC 


DIAPHRAGMATIC 


SLIGHTLY 

FUNNELLED 


WELL 

FUNNELLED 


( 3 cases) 


(I cose} 


( I cose ) 






Fit'. 2.—Congenital mitral .stenosis. Schematic representation of valve types encountered at 

the time of surgery. 


Surgical and Pathologic Considerations .— 

Four of these patients were operated upon by the “closed" method using 
a standard left fourth intercostal space incision. There was one death on the 
fifth postoperative day for reasons that were not clear. Actually this patient 
had been doing quite well but died very suddenly after a meal, accompanied 
possibly by aspiration of food. No postmortem was obtained. A fifth patient 
was operated upon by the “open" method using a pump-oxygenator. At the 
end of the procedure the heart began to fail and could not be resuscitated. 

All five patients had very large left atria. The junction of the appendage 
with the left atrium was small in most of these children, allowing entry only 
of the operatoi‘’s fifth finger. There was no evidence of cor ti’iati’iatum. This 
was established by feeling both the mitral valve and at least one pulmonary 
vein orifice communicating with the single left atrial chamber approached by 
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the appendage. Three of the valves weie quite flat, tliickeued, and diaphrag¬ 
matic with either no or poorly defined commissures (Fig 2). All three of these 
required incision with a guillotine knife. The fourth valve was well funnelled 
and had quite well-defined commissures This valve was opened with the finger 
alone. The fifth patient opeiated upon with tlie aid of the pump-oxygenator 
had a fnnnelled valve, but thickened leaflets with practically no commissural 
definition This valve also requiied incision In all cases there was shoitening 
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Figr. 3 —Congenital mitral stenosis (Case 1, D M ) Direct readings at operation showed 
a left atrial—left ventricular gradient of 23 nun Hg There was no gradient post-commis¬ 
surotomy. 


and some fusion of the chordae tendineae. The atnal appendages all showed 
endocardial sclerosis and no evidence of rheumatic fever. Two lung biopsies 
showed pulmonaiy vascular changes compatible with those described by Parker 
and Weiss ^ There was no calcification of the mitral valves and no left atrial 
thrombi. 

Case Pi ese7itations ,— 

Case 1 — D. II. t\a3 a 12 year old white boy m whom a mitral diastolic murmur was 
first heard at the age of 2 months. His early years were characterized by limited activity and 
frequent respiratory infections In the few jears before operation he was tutored at home 
and had a progressively downliiU course. He had had twenty five hospital admissions for 
respiratory infections and congestive heart failure. 
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On adnussion to the Children ’s Medical Center, he had a respiratory infection and heart 
ailure; present also were eardiomegaly, hepatomegaly, and clinical signs of severe mitral 
stenosis. He was placed in oxygen and treated medically very vigorously with diuretics, 
digitalis, antibiotics, etc. A right heart catheterization revealed an elevated pulmonary 
artery pressure (mean, 75 to 95 mm. Hg). Unfortunately a good pulmonary capiUary pres¬ 
sure was not obtained. An attempt at left heart catheterization wels contemplated but a 
small amount of general anesthesia dropped the blood pressure below 70 mm. Hg so that the 
plan was abandoned. 

On Dec. 2, 1955, a mitral commissurotomy was done in the usual manner through a left 
fourth intercostal space incision. The pulmonary artery was large and turgid. Direct pres¬ 
sure readings revealed a PA pressure of 145 mm. Hg, left atrium pressure of 35 mm. Hg 
(mean), and left ventricular diastolic pressure of 12 mm. Hg (mean). This boy had a well- 
funnelled valve ndth a posterior opening not gi'eater than 3 to 4 mm. in size. The commis¬ 
sures were quite well developed with thickening and fusion along the edges. The leaflets were 
quite supple. The valve was opened up to 2.5 cm. digitally and some anterior subvalvular 
stenosis also relieved. Ho obvious regurgitation was noted before or after the commissurot¬ 
omy. Ho gradient could be demonstrated post-commissurotomy across the mitral valve, 
whereas there had been a 23 mm. Hg mean gradient before commissurotomy (Pig. 3). 

This boy has been converted from a very restricted life in which even a few steps would 
cause dyspnea to one in which he goes to school, climbs stairs, walks a mile or two, and 
engages in mild athletic activities. Preoperatively he was hospitalized twenty-five times for 
heart failure and respiratory infections, and, in over 3 years since operation, he has not 
been hospitalized for these complaints. 


Case 2,—R. was a 6-year-old boy in whom a mitral diastolic murmur was discovered 
during a preschool physical examination. In the last year he had been somewhat restricted 
in activity and was tutored at home. He had had two or three bouts of dyspnea, cyanosis, 
and collapse often associated with anterior chest and upper abdominal pain. During his 
hospital stay he had numerous bouts of pulmonary edema and was very difficult to control 
on digitalis, diuretics, and salt restriction. The diagnosis of severe congenital mitral stenosis 
was made. Because of his precarious condition, a catheterization was not done preoperatively 
—the only patient of the 5 who did not have a preoperative study. 

On Sept. 24, 1956, a mitral commissurotomy was performed, using a left fourth inter¬ 
costal space approach. There was a 25 mm. Hg diastolic gradient at operation before en¬ 
larging the valve orifice and a residual IS mm. gradient at completion of the operation. 
The valve was flat, thickened, and diaphragmatic. Tiie opening was enlarged from 0.5 cm. 
to 1.5 cm. with the use of a guillotine knife. Ho commissures could be felt. There was 
shortening and thickening of the chordae tendineae. Since some regurgitation was being cre¬ 
ated, it was thought advisable not to enlarge the opening further. 

This patient did well postoperatively and now goes to school. His activity has been 
much increased but he obviously now has some mitral regurgitation which limits him somewhat. 

Case 3.—S. H. was a 31 / 2 -year-old Hcgro girl who was a premature baby weighing 
four and one-half pounds. A mitral diastolic murmur was first heard at 3 weeks of age. 
During her first 2 to 3 years of life, this patient had repeated respiratory infections witli 
questionable heart failure which required antibiotics and oxygen. At 3 years of age, she 
was digitalized. On admission to the hospital she appeared to be underdeveloped and chron¬ 
ically ill. She had both mitral diastolic and systolic murmurs at the apex; there was also 
hepatosplenomegaly. Eight heart catheterization revealed a mean pulmonary artery pressure 
of 80 mm. Hg, a mean pulmonary capillary pressure of 29 mm. Hg, and a pulmonary vascular 
resistance of 9 to 10 units (normal up to 3 units). An electrocardiogram revealed right 
ventricular hypertrophy. 

On Hov. 8, 1957, a mitral commissurotomy was performed through a left fourth inter¬ 
costal space incision. The valve was diaphragmatic, thickened, and only slightly funnelled, 
with no obvious commissures. The opening was only 2 to 3 mm, in size and situated very 
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close to the mitral ring The \al\c was opened with great difficulty, using tlie fifth finger, 
guillotine, and mitral dilators. Since some regurgitation was being produced, the vahe was 
only opened to 7 to 8 mm One had the impression, tliat there was a mass of fused chordae 
tendineae beneath this opening. 

This patient did reasonably well for 5 dajs postoperatiielj but suddenly died after 
finishing lunch. No postmortem examination was done It was thought that aspiration of 
some food had occurred 

Case 4—J. K was a 15 year old white girl in whom a mitral diastolic murmur was 
first heard at the age of 9 months Until the age of 13 years she had led a rather restricted 
life becau''e of dyspnea, but at that time bhe had a spinal fusion performed for seiere con 
genital lumbodorsal scoliosis At the time of this operation she de\ eloped pulmonary edema 
Because of her incapacity she was tutored at home. At the age of 15 jears, a right heart 
catheterization showed a pulmonary arteiy mean pleasure of C5 mm Hg, a pulmonary capil 
larj mean pressure of 27 mm Hg, and a pulmonary \ascular resistance of 9 0 units. Pul 
monary function studies showed a restrictue deficit of 50 per cent Because of her scoliosis 
no left heart catheterization was done It was thouglit that the mitral stenosis was seiero 
enougli to warrant operation She had no evidence of rheumatic fever m the past 

On Nov. 20, 1957, a mitral commissurotomy was performed through a left fourth 
intercostal space incision The valve was diaphragmatic with firm thickened leaflets There 
was a posteriorly placed 4 mm opening and minimal evidence of commissure formation 
There was no calcification or thrombus The opening was enlarged digitally (fifth finger) 
up to 1 cm but, because of the firm rubbery consistency, a guillotine knife was U'led to lu- 
crcAso the opening to 2 cm Tliero was no obvious regurgitation before or after surgery but 
there was some fear that it might become a problem if any more enlargement of the orifice 
was undertaken A diastoUc gradient of 24 mm Hg was measured across the mitral vahe 
before the commissurotomy and an 3 mm Hg gradient noted afterward These were pres 
sures taken at tlio time of surgery. 

Tins patient did quite well immediately postoperativcly. She eventually went to school 
rather than being tutored at liome and was, in general, more active She still is restricted 
and has some trouble from respiratory mlcctioas but seems to bo better than preoperativcly 
It has been difficult to separate Iicr cardiac from her pulmonary functional deficiency 

Case 5—^P B was a year old white boy who weighed five pounds and four ounces 
at birth From the age of 2 months he had bad repeated bouts of dyspnea and cyanosis with 
congestive lieart failure which required six hospital adimssions A mitral diastolic murmur 
was heard at about 14 months of age and was accompanied by a mitral systolic murmur 
On his last admission, at the ago of 21,4 years, he was in congestive failure with hepatomegaly, 
and right ventricular hypertrophy as disclosed by electrocardiogram and x ray studies A 
right heart catheterization revealed a pulmonary aitery mean pressure of 45 mm Hg and a 
left atrial pressure of 30 mm Hg (catheter pas'«ed into left atiiuni via a small 
foramen ovale). His pulmonary vascular resistance was 4 units 

On Dec 13, 1957, tins patient wa^ operated upon by way of a bilateral transsteiiml 
thoracotomy The patient was attached to a pump oxygenator The heart was stopp>.d with 
potassium citrate and the left atnura explored via the right atrium and interatrial septal 
approach The mitral valve was somewJiat funnel shaped with a centrally placed 5 mm 
opening There was some commissural definition The valve was opened with scissors, an 
teriorly and posteriorly, up to 1 5 to 2 cm The chordae tendineae were thickened, shortened, 
and fused It was difficult to be sure yust where the incisions should be made because of the 
subvalvular fusion and poor commissure formation The left ventricle and atrium were filled 
with saline aud the interatrial septum incision closed Tlie right atnum was closed and the 
.aortic clamp released The lieart action returned but it was quite ineffective and, iii spite 
of all efforts to resuscitate it, the heart finally stopped 

A postmortem examination revealed thickening of the left atriil endocardium, fusion 
and shortening of the chordae tendineae and papillary muscles There was hy'poplosia of the 
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left ventricle with some left ventricular outflow obstruction proximal to the aortic valve. The 
exact cause of death was not clear but it was thought that the additional load on the hypo¬ 
plastic left ventncle might have been a factor. 


CONGENITAL IIITRAL INSUFFICIENCY 


Two patients with congenital mitral insufficiency were operated upon within 
the last year. Neither of these patients represented the more common types of 
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congenital mitial regurgitation; that is, a cleft mitral septal leaflet associated 
with an ostium priniuin or atrioventricular canal, or the raier absent or vestig¬ 
ial iiosterolateral mitral leaflet.® These 2 children, like the 5 previously des¬ 
cribed eases of congenital mitral stenosis, were very ill and doing poorly on a 
strictly supervised medical program. One of these patients was operated upon 
using an “open” method with the aid of a piimp-ox 3 ’genator, folloned by some 
impiovemeiit, and the second was opciatcd upon using a “closed” metliod with 
an e-veellent result. 

A brief summary will best bring out the salient features of these 2 unusual 
eases. 



Fig 5—Congenital mitral insufficiency (Case 1 P B) Angiocardiogram from left femoral 
vein shomng large pulmonary artery with no left branches, and a large left atrium 

Case presentations ,— 

Ca&e 1.—P. B was a 15 month old, eighteen pound, white boy admitted with cough, 
fever, cjanosis, and dyspnea. He liad entered the hospital 4 months previously for mvestiga 
tion of lus cough and dyspnea winch were associated witli mitral sjstohc and diastolic niur 
murs and a large left atrium An attempt at right lieart catheterization at tins time was 
unsuccessful because of the onset of auricular flutter. On re entry m Julj, lOSS, he had 
a hacking cough, temperature of 102® F, pulse of 143, and a respiratory rate of 50. He was 
pale and cyanotic. He had an. enlarged heart (Fig 4), mostly left atrium, and a Grade 3 
mitral systolic murmur witli a questionable short diastolic rumble Bfl itli sounds were dt 
mimshed on the left with liyperresonance on that side The livtr was down 4 cm TJie 
patient was put on digitalis, oiygen, low salt int iLo, and antibiotics. He improved ami was 
discharged only to return m August, 3958, at which tune he was agun cyanotic and 
pale, febrile, and in heart failure. He was treated vigorously, and again an ittempt 
at right heart catheterizatioa made The mean pulmonary art^ v, was 
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Hg, pulmonary capillary pressure 22 mm. Hg (mean), and femoral artery pressure 
95/47 mm. Hg (mean, 62 mm. Hg). The femoral artery oxygen saturation was 60 per cent, 
but with oxygen rose to 95 per cent. No shunt was demonstrated. An angiocardiogram (Fig! 
5) showed a large pulmonary artery with a right branch but essentially no left branch. It 
also demonstrated a very large left atrium. The chest films over a period of several weeks 
had shoum progressive diminution in the left pulmonaiy vascular markings accompanied by 
overdistention of the left lung. Eventually, the patient developed atelectasis, pneumonia, and 
fluid on the left side. The progressive loss of pulmonary vascular markings and subsequent 


PRE-OP. 


POST-OR I 



Pig. 6.-—Repair of congenital mitral regurgitation. Preoperative view showing enlarged 
left atrium compressing left mam pulmonary artery and bronchus. Postoperative view showing 
left atrium smailer and no compression of left main pulmonary artery and bronchus. Mitral 
ring sutures a, h, o, have now made the mitral valve competent. 


atelectasis of the left lung were thought due to compression by the giant left atrium. Rivkin,9 
Murphyio and their associates have described this in the past. The diagnosis of congenital 
mitral insnfliciency, possibly associated with some stenosis, was made. The posibility of a 
left atrial tnmor or cor triatriatum was not ruled out but, because of the progressive downliill 
course of this child, he was taken to the operating room from the catheterization laboratory. 
He had a temperature of 103° F., pulse over 140, and atelectasis of the left lung the day 
of the operation. The white cell count was 27,000. 

On Aug. 29, 1958, the patient was explored through a left fourth intercostal space in¬ 
cision. There was a considerable amount of clear yellow fluid in the left pleural space. The 
left upper lobe was atelectatic and pneumonic. The left lower lobe was almost totally col¬ 
lapsed. The heart was very large. The pericardium was opened and a moderate amomit 
of fluid removed. The striking thing about the heart was the giant left atrium which was 
compressing the left main bronchus and pulmonary artery. On depressing the upper surface 
of the left atrium, the lower lobe immediately re-expanded and the left main pulmonary artery 





VoJ 38 No J 
September 19 j9 


CONGENITAL MITBAL VALVULAR LESIONS 


345 


distended There was a readily palpable systolic tlirill over the left atrium, particularly pos 
teriorly and superiorly There was a barely palpable diastolic thrill over the left ventricle. The 
mam pulmonaiy artery was large and turgid Both the right and left ventricles seemed hyper 
trophied. 

The left atrium was enteied through a large ippcudage There was no tumor and no 
evidence of cor triatmtum There was a \ery forceful systolic yet coming from a posteriorly 
situated, 1 cm, mitral valve opening The mitral valve had a poorly formed anterior com 
missure and tho valve itself was quite flit and taut, the valve ring seemed quite enlarged 
The valve was opened up to 1 5 cm and tlien 2 0 arterial sutures on large round needles placed 
through the left atnal wall and ring, guided by the intra atnal finger The needle wis then 
guided out through the atrial wall nid the sutuie tied This seemed to make the ring smaller 
and so three or four such sutures were carefully placed near the left circumflex coronary 



I'ig' 7—Congenital mitral insufficiency {Case 1, P B ) Photogiaph niaUc S months postopera- 

tivcly 

artery and great tardiac vem In this way several tucks were taken lu the mitral ring pos 
teriorly, laterally, and anteriorly The •systolic jet seemed to di'^appcar TJic sides of the 
tremendous left atrium were then reefed up as illustrated (Fig 6) to make the left atrium 
smaller and thereby take the pressure off the left pulmonary artery and bronchus Tho left 
lower lobe e\pmdi.d well but tlie left upper lobe remained airless Because it was a solid 
pneumonic lobe and a possible source of dilJiculty, it vv is quickly removed 

Tho patient did very well jiostoperatucly and left tho hospit il on the ciglitli day follow 
mg surgery—afebrile, icyanotic, off antibiotics, and with i nomul white count. He his 
remained on digitalis Tlie left atnal appendage showed eiuloc irdi il sclerosis and tlio left 
upper lobe demonstrated a chrome iineumonia but with pulmonary vascular a conipatiblo 

with the Parker Weiss syndrome. ** , 

r 




346 


STARKEY 


J. Thoracic and 
Cardiovas. Surg. 


This boy was seen in Apri], 1959 (Fig. 7), 8 months postoperatively. He seemed per¬ 
fectly healthy with a elear chest, normal-sized heart (see Fig. 4) and with Grade 1 mitral sys¬ 
tolic and diastolic murmurs. He walks and runs, eats well, and weighs twenty-eight pounds, in 
contrast to his eighteen pounds at the time of operation. He has had no respiratory infec¬ 
tions or difficulty since operation. 

Case 2. K. F. was an 11-year-old white boy with a known mitral systolic murmur since 
the age of 9 months which was associated with cardiomegaly. For the past several years he 
had had many bouts of dyspnea, weakness, and occasional cyanosis. He also had many epi- 
staxes but no local or systemic cause could be found. In June, 1958, he was admitted to the 
hospital in congestive heart failure. At this time he was digitalized and put on Diuril and 
a low sodium diet. He improved somewhat and was discharged. He returned again in Sep¬ 
tember, 1958, having been markedly restricted in his activities. At this time he was leading 
a bed-to-wheelohair existence with minimal walking because of fatigue and dyspnea. It was 
thought at this time that he had dominant mitral insufficiency and some aortic and tricuspid 
insufficiency. lie had no evidence of rheumatic fever at any time. 


A B 

PRE-OP. POST-OP 



Systole 



Fig:. 8.—Surgical relief of congenital mitral insufficiency due to enlarged mitral ring (Case 
2, R. F.). A, Preoperative view of valve in systole. B, Postoperative view of valve in systole, 
showing sutures in mitral ring over the posteromedial commissure. 


A right heart catheterization revealed a low cardiac output, a pulmonary artery mean 
pressure of 47 mm. Hg, a pulmonary capillary mean pressure of 25 mm. Hg, and an aortic 
pressure of 88/65. There was also some suggestion of tricuspid regurgitation. The electro¬ 
cardiogram showed left ventricular hypertrophy. 

On Oct. 9, 1958, he was explored through a right fourth intercostal space incision. The 
heart was enlarged, particularly the left ventricle and left atrium. There was a systolic thrill 
over the left atrium and a lesser one over the right atrium. The patient was then attached 
to the pump-oxygenator after cannulation of the venae cavae and right subclavian artery. 
Just as the cannulation was being completed, the heart stopped but responded to intermittent 
compression and improved once the perfusion began. It was apparent that the left atrium 
remained full of blood and that the systolic jet, though less, was still palpable in the left 
atrium. A small incision was made into the left atrium, anterior to the right pulmonary 
veins, and a sucker inserted. It was obvious that the left atrium was being rapidly filled 
from the left ventricle due to the aortic regurgitation. Because of this, the ascending aorta 
was clamped above the coronary arteries and the left atrium then collapsed and became dry. 
The heart was then stopped and the left atrium opened widely. The mitral ring was very 
large. There was no slit in either leaflet of the mitral valve, nor was there any rupture of 
the chordae tendineae. The leaflets were somewhat thickened and very pale, suggesting 
endocardial sclerosis. The enlarged ring was therefore made smaller by inserting six 2-0 
arterial sutures into the ring on either side of the posterior commissure (Fig. 8). These were 
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then tied until the leaflets seemed to approximate each other. TJie orifice was diminished 
from at least three fingers to just a bit less than two fingers. This procedure seemed to make 
the rather flattened valAe more funnel shaped. The somewhat thickened and taut chordae 
tendineae were also more relaxed. The left side of the heart was then allowed to fill with 
blood and the atriotoniy closed. The aortic clamp was released and the heart started slug¬ 
gishly but soon resumed a normal sinus rhythm. The sjstolic thrill was not palpable over 
the left atrium at a systemic blood pressure of So/G8. The right atrial systolic thrill re¬ 
mained about the same. Because of the long procedure and precarious condition of the pa¬ 
tient, no direct investigation of the aortic or tricuspid valves was attempted. 

The patient's early postoperative course was stormy but ho eventually improved and 
was discharged—15 dajs after his operation. Follow up visits have shown some diminution 
in the heart size (Fig. 9), particularly of the left atrium. Both the patient and his parents 
feel that his exercise tolerance has improved. He still has an aortic diastolic murmur and 
some mitral insufficiency by auscultation. Six months postoperativcly he is able to go up a 
flight of stairs, sleeps flat, plays basketball, and rides a bicycle. He could do none of these 
things preoperativcly. 



Fig 9 —Congenital mitral insufficiency (Case 2, R. P ) A, preoperative roentgenogram 
which shows large left ventricle, left atrium, anti pulmonary arteries D, Postoperative roent¬ 
genogram (6 months) which shows diminution In size of left ventricle, left atrium, and pul¬ 
monary arteries . 


DISCUSSION 

Congenital mitral stenosis is a rare cardiac anomaly and carries a grave 
prognosis. It is not too difficult to recognize by simple clinical and laboratory 
methods. It is eliaracterized by the early onset of a mitral diastolic mummr 
and evidence of pulmonary arterial and left atrial hypertension. Pathologically 
there appears to he a broad spectrum of findings hegimiing oit the one extrenre 
with a flat, thickened, diaphragnratic valve with little or rro commissural forma¬ 
tion, with short fused chordae tendineae, to the other extreme wlrere one finds 
a well-funnelled valve with fused, well-fotmed commissures and fairly supple 
leaflets. The degree of endocardial sclerosis or subendocardial fibroelastosis 
seems greater in the first-deseribed or more primitive-type valve and less pro¬ 
nounced in the more nearlj' normal-appearing valve. Since the prognosis is 
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so^ poor ill this condition, it would appear that surgery should be given a fair 

trial. 'Wliether an “open” or a “closed” method should be used still remains 
unsettled. 

Congenital mitral regurgitation not associated with an ostium primum 
defect or atrioventriculai* canal defect appears to be an even rarer lesion. In 
these^2 reported eases, dilatation of the mitral ring was the dominant feature. 
An open ’ method of surgical approach would seem to give greatei* latitude 
in the type of repair for this defect. 

SUJI3IARY 


Five cases of congenital mitral stenosis treated surgically are reported. 
The clinical, pathologic, hemodjuiamic, and surgical aspects of the problem are 
discussed. There were four “closed’' type operations with one death. In the 
3 survivoi-s, there was one excellent result and two fair to good results. A fifth 
patient was operated upon with the use of a pump-oxygenator but died at the 
end of the procedure. 

Two patients with congenital mitral insufficiency were operated upon with 
no deaths. One had an excellent result and one a good result. 

These two congenital mitral valve anomalies appear to be rare and carrj^ 
a very poor prognosis. It is suggested that this diagnosis be more seriously 
entertained in the futui’e and that surgical intervention be undertaken in these 
seriously ill children. 
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Discussion 

DR. WILLIAM H. MULLER, JRr., Charlottesville, Va.—Congenital mitral stenosis is 
indeed a relatively rare malformation which presents a real problem when it is encountered. 
I am very pleased to have had an opportunity to hear Dr. Starkey’s interesting presentation 
this morning. 
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VliLii WO luvo operated upon patients with congenital mital stenosis, using a clo&ed 
method, mitral nisufiicioncy invariably resulted The fiist patient on A\honi mo performed an 
open operation, utilizing tlie pump oxygenator, had a diagnosis of corrected transposition of 
tlie aorta and pulmonary arteiy and congenital mitral stenosis We found a situation similar 
to that which Dr StaiKey described, that is, a narrowed ^alvc in winch no commissural fusion 
lines could be seen Incisions wore made lu tlie \al\c appioxiniately where we thought the 
commissures should be This child likewise did not surviie the procedure More recently, 
however, wo ha\o opeiatcd upon a patient in whom Dr. Frank Dammann mide a diagnosis 
of isolated mitral stenosis We found, just as Di Starkey did, that there was thickeiimg of 
the valve and shortening and fusion of the chordae tendmeae Incisions were therefore made 
into the valve leaflets opposite the chordae attachments and the papillary muscles weic split 
down to their bases The incisions were made actually into the anterior leaflet of the niitial 
valve 

One can make three incisions we made only' two in this patient, but obtained what we 
thought was a normal sized mitral valve TIus patient had no resultant mitral insufficiency, 
and has made an uneventful recovery and is greatly improved Wo think therefore that the 
incisions sliould be made through the valve leaflet, chordae tendmeae and papillary muscles 
rather than where one thinks the commissures should be m this type of mitral stenosis. 

DE. g!E0EGE a CLOWES, JR, Cleveland, Ohio —I, too, gieatly enjoy ed Dr Starkey’s 
excellent presentation. 

I would like to say a word about the matter of the approach to the mitral valve by open 
surgery Before at tlieso meetings wo have heard remarks by Dr Lillehei, Dr Kay, and otheis 
All of these authors have recommended the nglit sided approach to tlie mitral valve for open 
surgery I would just like to give you a little of our experience in approaching it from the 
left side 

(SUde) TUv& IS done by cawnulating extcttmlly, as you see hero, tUo inferior vena cava 
through the saphenous onflees into the femoral veins and inferior vena cava, through tlio 
internal jugular vein and down into tlie light heart A ligatuie is placed around tlie pulmo 
nary artery excluding the left side from the circulation. Perfusion is continued through the 
femoral artery 

We have had experience with 8 cases m this fashion Most of them have been mitral 
insufficiency We have had one death and four very' satisfactory results That is not the 
point The thing is that tlie left sided approacli does, in 'my opimon and in the opinion of 
those of us who havo worked with it, have some advantages 

First of all, with the patient tipped 'way up on Ins right side, almost over towaid the 
face down position, the mitral valve becomes the highest point iii the ventricle, and tlicrefore 
any air that is tiapped is expelled through it rather than into the aorta, avoiding an embolus 
There is one poult I would make before leaving this slide That is, one must thread this 
catlieter down into the right ventricle before occluding the pulmonary artery, to avoid dis 
tcntiou of this chamber, otlienvise failure will result Tins was the cause of the de itli I 
mentioned 

This slide shows the exposure of the mitral valve that was obtained in i 14ycai old 
girl through the left sided approach In our experience this is much easier than the approacli 
through the right side, in that the valve is much closer to one and eisier to work on. 

Tins slide shows the valve of another patient who vias operated on by this tecluiiquc, 
a 53 year old woman 

Tins slide sliows her appearance postoperatively I think we will leave the rest out 

Dr Cross, last year at this meeting, described his experiences witli operating on dogs 
m tlic right and left sided approach He stated that from the right side ho hid less air 
embolus Our experience lias been different from this "Wc find that this matter of pi icing 
the mitral valve highest in the heart is of some importance in this regard 

Tliank vou very much I take this oiiportuiiity agiin to svy how much I Iiive enjoyt.d 
Dr Starkey’s nice present ition, and hope that jicrhaps this ticlmujuc lu ly bo of ‘^ome u-jO 
to some of you 
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DR. CHARLES P. BAILEY, Philadelphia, Pa.—very much enjoyed this talk of 
Dr. Starkey's because we have had a somewhat similar experience. 

Actually, I have operated on only 4 cliildren with congenital mitral stenosis. The 
pathology is distinctly different, of course, from that in the rheumatic case, and indeed 
doesn’t have to follow any particular pattern at all. 

All of mine were operated by the closed technique, 3 from the left side with one 
resultant insufdciency, 1 from the right side. I did not manage to separate the valve ade¬ 
quately on that last occasion, because the papillary muscles grew fast to the undersurface 
of the valve and I was unable to cut them with the closed technique. That child will be 
brought back shortly for an open operation. 

I believe that the variances in tliis pathology strongly demand the open technique, 
which I am sure Dr. Starkey will and should continue to use. And I would like to point out 
that whereas we use the right-sided approach for all of our closed operations on the mitral 
valve, the experiences of my associate, Dr. Henry Nichols, in operating for mitral insufficiency 
have clearly demonstrated the advantages of the left-sided approach when the open technique 
is used. Indeed, Dr. Clowes already has pointed out the major advantages, perhaps the most 
major being the surgeon’s ability to remove entrapped air from the ventricle, thus preventing 
air embolism. It is inevitable that air will enter the left ventricle with an open operation for 
mitral stenosis. 

The real difference in the riglit- and left-sided approach lies in the difference in tlie 
direction of the line of the valve. If you can see it you can easily orient yourself, whether 
it runs vertically or whether it runs horizontally. The advantage with the right-sided 
approach in closed operations for mitral stenosis is that the valve presents as an upright 
“U,” whereas from the left-sided approach it lies at a right angle, thus tending to confuse 
the surgeon and restrain liis aggressiveness. 

It was a real privilege to hear this very excellent paper. 

DR. FREDERICK S. CROSS, Cleveland, Ohio.—Perhaps I am somewhat out of order 
arising to discuss a previous discussion, but I think there is something extremely important 
about the approach to the mitral valve, whether it be from the right or left side, that should 
be emphasized further, and that is the problem of trapped air in the left ventricle. 

Last year, in a discussion of one of the papers before this organization, I pointed out 
in a series of slides that in our opinion, based on both laboratory and clinical experiences, 
there is less chance for air to be trapped in the left ventricle when the mitral valve is 
approached from the riglit side than from the left. Anatomically, the left ventricle is the 
dependent chamber when the patient is on the operating table with the right side up. Un¬ 
fortunately, when the valve is approached from the right side, it may be more difficult to 
work on since the surgeon finds himself somewhat further from his work. 

Much of this discussion may be a little beside the point, however, since uniform suc¬ 
cessful results will be obtained only when one develops that technique which works best in 
his own hands. The real point of this discussion is that regardless of the approach to the 
mitral valve, it is extremely important as an added precaution to vent the left ventricle. 
This vent is kept on gentle suction until the left atriotomy is repaired and the vena caval 
tapes released to be sure that all residual air bubbles in the left ventricle are removed 
before turning off the pump-oxygenator and allowing the heart to take over its own func¬ 
tion. This maneuver mil be a virtual guarantee against air emboli arising from residual 
air in the left ventricle. 

I would like to congratulate the authors on an excellent presentation of an important 
piece of work, and I appreciate the opportunity to discuss this one important aspect of it. 

DR. ROSS ROBERTSON, Vancouver, British Columbia.—^Dr. Starkey’s paper has inter¬ 
ested me immensely. It reminded me of the case of a young woman with a congenitel mitral 
stenosis who survived this lesion, generally lethal to children, because of an associated left 
superior vena cava emptying into the left superior pulmonary vein. This relieved her mitral 
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stenosis as docs the Sweet operation for acquired mitral stenosis Clmically she was short 
of breath on mild exertion. Tlicre was a continuous murmur over the second left interspace 
close to the sternum, and also a mitral diastolic murmur 

At operation, the blood could be seen in the distended thin walled left superior vena 
cava, flowing" away from the heart. Wlien the left superior vena cava ^vas clamped, the 
pressure rose alarmingly lu the left aunele, confirming the preoperative diagnosis of mitral 
stcnoais. Consequently, a finger was inserted into flic left auricle and found a valve which 
resembled that described by Dr. Starkey, a kind of membrane with a hole in the middle 
and no actual commissure. A knife was required to open the valve along a line where the 
commissures sliould be located A mild mitral legurgitatioii was produced The left superior 
vena cava was then clamped without causing an increase in piessure in tho left auricle The 
clamp was then removed. 

Tho patient made a good recovery and is free of svmptoms 

DB EDOUARD D. GAGNON, Montreal, Quebec—I think Dr. Starkey’s paper ivaa an 
excellent one. 

I do not wish to discuss points of tecluiiquc, but I would bke to ask him a question on 
tho definition of a congenital mitral stenosis I ask this question because in the beautiful 
slide he showed us he had three diaphragmatic stenoses, one of which was slightly funuelcd 
and one well funncled, but he showed us, and stated, that thej were all tlixck valves 

We have operated on G children and 2 of them had these thick valves ^Uthough the> 
had no history of rheumatic fever, we felt that they wore acquired, probably duo to some 
other infectious process in childhood. In opposition to these 2, tho other children we had 
to operate on (2 of them with associated coarctation) had valves tliat wore quite different. 
Tho leaflets were not thickened at all; there were no commissures tlmt I could recognize 
Tliero was a long funnel shaped affair with very short cliordae tciidmeae, inserting right 
doivn near the apex of tho ventncle. We cut where we tliought tho commissures sliould be 
and the 4 patients did well. The oldest patient wc operated upon was 14 }cars aud tlie 
youngest was 8 years of age. 

We feel that these 4 are the real congenital t>pe, and tliat the first 2, of the t^po 
shown liere, were probably acquired, although we couldn’t determine what the infectious 
process was that had scarred the valve leaflets to produce the mitral stenosis 


DR, H. WILLIAM SCOTT, JR, NashvUle, Teiiii—I, too, would like to congratulate Dr 
Starkey on bringing this extremely mteresting and important problem before the Associa 
tioii. I think It has been the feeling of almost cvcrjoiic, both internists and surgeons alike, 
up uutil very recently, that congenital mitral stenosis represented a relatively hopeless prob 
lem from tlie therapeutic point of view. This had certainly been my undeistandmg 

We have liad an opportunity to operate definitivelj on only 1 patient witli congenital 
mitral stenosis The nature of the anatomic deformity of tlie valve was the problem that 
seemed to us most intriguing, in addition to the question as to whetlier this might be an 
acquired lesion of rheumatic origin rather than a congciutal one 

Our patient was a G year old cliild with symptoms from biith, a classical prcs^stolic 
rumbling murmur at the apex and severe pulmonary li^pertension. We did the operation 
using the open technique with tlie pump oxygenitor, and hid an opportunity to see that the 
little valve resembled one of the diagrams shown us by Dr Starkey. 

At operation, with the valve exposed, I wanted to find out what tlu* valve felt like, 
and I u«ed what I thought was ver^ gentle pressure with a finger, simply to asst'is the edges 
of tho stenotic valve, and I found that the commissures were opened completely simply by 
the gentle palpation of the operating finger. 

We then carefully inspected the little valve and it seemed that what,we had divided 
by digital pressure was a diaphanous membrane with a httio slit in it that seemed to fill 
the orifice between the anterior and posterior leaflets The vaho was otlieruise <iuitc normal. 


as best we could tell, with no evident thickening of it. 
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I tliink it would be interesting if Dr. Starkey could bring out to us in his closure of 
discussion some idea of the anatomic variations of the valve in congenital mitral stenosis, 
because I think the type of operative procedure that one plans or that one may do should 
be totally dependent upon the anatomic deformity of the valve. 

Our little patient has done fairly well in the 6 months since operation despite a hypo¬ 
plastic left ventricle, but has not yet had postoperative catheterization studies. 

DR. STARKEY (Closing).—I would first like to thank the discussers for their com¬ 
ments and will try to answer some of their inquiries. 

As far as the anatomy of congenital mitral stenosis is concerned, there is great varia¬ 
tion. It would appear, though, that a considerable degree of subendocardial fibroelastosis is 
associated with the fiat, diaphragmatic type of valve with short or poorly developed chordae 
tendineae and papillary muscles. This may be associated with considerable hypoplasia of 
the left ventricle. 

The etiology of congenital mitral stenosis is unknown. Eetal endocarditis has been 
postulated, but I am afraid I have nothing to contribute to this phase of the problem. 

The question of surgical approach has been raised by several discussers. I think that 
for most cases of stenosis or insufficiency that an “open heart'* method using a pump- 
oxygenator is preferable. We favor the right-sided approacli to the left atrium. Tliis 
chamber may be approached satisfactorily either directly anterior to the right pulmonary 
veins or by way of the right atrium and the interatrial septum. Each method has given 
an excellent view of the mitral valve. 

The child with congenital mitral stenosis who reaches the age of 10 or 12 years seems 
more likely to have a valve that is funnel-shaped with fused commissures like those of 
rheumatic mitral stenosis. These are often amenable to surgical relief by the standard, left¬ 
sided closed method that one uses routinely in the adult rheumatic patient. 



THE ETIOLOGY AND PREVENTION OF ATRIAL FIBRILLATION 
AFTER MITRAL VALVOTOMY 


C Fredenck Kiltie, i\I D, and James E Crockett, M D (by invitation), 

Kansas City, Kans 

T he most fiequent postopeiatne comphcatiou following initial valvotoiiiy is 
the oceuncnce of atnal fibrillation in a patient with pieviously noimal sinus 
rhythm This postoperatiie complication is of paiticulai inteiest to those con 
coined with caidiovaseulai siugeiy since this aiihythniia may lead to a 
deleteiioiis tachyeaidia and a significant lediiction in caidiae output We 
should like to leview out e\peiiences iiith postopeiatne atiial flbiillation m 
251 coiiseoutii 0 patients uudeigoing initial Talvotomj witli particular emphasis 
on the pievention of tins ariytlunia 


DATA 

The climoal lecoids of all patients undergoing initial valvotoniy at the 
Uiiiveisity of Kansas Medical Center and the Kansas City Veteians Admims 
tiation Hospital since 1953 have been included in this study Kvcluded aie 
those in uhom operative or postopeiative fatality occimed or in whom recoids 
aie incomplete This gioup consists of 25-1 patients 

Of these 254 theie uere 99 (39 pei cent) uho had atrial fibnllation pio 
opeiatively and 155 (61 per cent) ivith a noinial sinus ihjthm pieopeiatively 
Of the 155 patients, theie ueie 41 (26 pei cent) uho de\ eloped atiial fibnllation 
postopeiatively, this being the most common postopeiatne complication noted 
ivith this surgical pioceduie 

Atnal fibnllation in the 41 patients developed as eaily as the opeiatiie 
day (3 patients) and as late as the fifteenth day, although the majonty had the 
onset of this arihythmia between the second and fouith postopeiative dajs (Fig 
1) No obvious conelation was found betucen the age of the patients and those 
in whom fibnllation occiiired The youngest patient uas 16 and the oldest was 
55 yeais with a mean age of 38 

It IS of inteiest that 40 of the 41 patients who fibnllated postopeiatiiely 
had dynamic mitial stenosis as their main lesion, although several othei patients 
in our series had a normal sinus ihythm and at the time of cardiac evploiation 

From the Departments of Surgerj and Aledfcine and the Cardiovascular I-aboratory of 
the University of Kansas "Medical Center Kansas City Ivans 

Supported In part by the Kansas Heart Association and the National Heart Institute 

Read at the Thirty ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles C^lf April 21 23 1959 
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were found to have predoirdnantly mitral regurgitation. The 1 patient who did 
fibrillate with mitral regurgitation Avas a 16-3^ear-old girl Avho developed acute 
rheumatic fever postoperatively and died sevei’al weeks later. 

The 155 patients Avith a noimial sinus rhythm preoperatively haA'^e been 
divided into four gi-oups: (1) those receiving both digitalis and quinidine, 
(2) digitalis alone, (3) quinidine alone, and (4) those I’eeeiving neither digitalis 
nor quinidine. Of those receiving digitalis and quinidine the smallest percentage 
of patients developed atrial fibrillation after operation—9 of 55 patients or 16 
per cent. In the group receiving digitalis alone, there Avere 13 of 43 patients 
or 30 per cent. In the gi’oup receiAung quinidine alone, there Avere 7 of 20 
patients or 35 per cent, and in those receiving no medication 12 of 37 patients, 
or 32 per cent, developed atrial fibrillation. 
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Fig. 1. 

In the group of 55 patients receiving both digitalis and quinidine post¬ 
operatively as prophylaxis against fibrillation, there Avere 9 patients Avho 
developed fibrillation. In reviewing these particular instances, only 3 Avere 
given quinidine judged adequate by our present standards. Although 2 re¬ 
ceived 0.4 Gm. evei-y 4 hours and 1 received 0.3 Gm. eveiy 4 hours, fibrillation 
still occurred. The remaining 6 patients Avere given comparatively meager 
doses of quinidine, 0.2 Gm. four times daily or 0.2 Gm. every 4 hours. 

Of 98 patients who Avere digitalized postoperatively, 22 fibrUlated, an inci¬ 
dence of 22 per cent. Of the 57 patients not digitalized, 19 fibriUated, an 
incidence of 33 per cent. Thus, the Amlue of both digitalization and quinidiniza- 
tion to preA^ent postoperative fibrillation Avould appear substantiated by these 
statistics. 

In the 41 patients Avho developed atrial fibrillation, there Avere 3 patients 
Avho converted to a normal sinus rhythm spontaneously. These 3 are of 
considerable interest because their fibrillation began on the operative day, the 
first postoperative day, and the tAvelfth postoperative day folloAving an esoph- 
agoscopy. Fibrillation in this particular group of 3 patients oceu^ed at 
luiusual times in comparison to other patients Avho fibriUated. In 
patients, no attempt Avas made to convert the fibrillation to a normal smus 
rhythm because of factors which contraindicated quinidine theiapy. 
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In 33 patients an attempt was made to conieit the atnal fibnll ition to a 
noimal smus ihythm In 28 instances this was snecessful and in 5 it was iin 
successful Of the 28 who neie eonveitcd, this was accomplished by qmnidin 
ization in 15 patients alieady digitalized In 6, com eision was by quinidimza 
tion alone, in 5 by postopeiative digitalization oi e\tia digitalis, and in 2 by 
Pionostyl and digitalis It is believed quite iiiipoitant to eomeit patients 
with postopeiative atnal hbiillation to a iioiiiial sums ihjthm if this can be 
accomplished 

In the 99 patients i\ho undeiwcnt initial valvotomy with pieopeiative 
atnal fibiillation, an attempt to coiiveit to a iioimal sinus ihythm was made 
postopei atively in 45 Of these, only 12 weie successfully changed to a noi 
mal sinus ihythm Attempts to comcit such patients piioi to initial 
1 ah otomy have not pioved n oi tli while 

DISCUSSION 

Atnal fibnllation is a suffleicnth comnioii complication of initial lahotoiiij 
to wanant paitieulai attention to its pievention and collection In a lecent 
aitiele, Heinz and Hultgren’" lepoited that 47 pei cent oi patients undeigoiiig 
initial lahotomj with pieopeiative iioiiiial sums ihythm developed atnal 
fibnllation postoperativolv In othci leviews the incidence has vaned fiom 
24 to 38 pel cent“ * ” “ Host of the patients deseiibed in these aitieles 
leceived digitalis but no quinidme postopei atively 

Atnal fibnllation is a lelativcly uncommon complication m othei postopeia 
tive patients who do not have ehionic ilieumatie lieait disease, although it is 
occanonally seen following thoracotomies Aftci lobeotomj oi pneuinoneetoinj 
III oldei patients, an incidence between 3 5 and 14 iiei tent has been 
noted’ ■’ ” ”■ In patients who had an iiitiapencaidial piieumoiieetomy, an 

intideneo of 45 pei cent was found by Hint and Bates ” It is sigmficaiit that 
only 6 of 43 patients in tins study who leeeived qiimidme aftei mtiapeii 
caidial pneumonectomy developed atnal fibnllation while 10 of 22, who did 
not, maintained sinus ihythm Atnal fibnllation is itlatively infitqueiit 
following opeiatioiis foi congenital heait disease 

Reasons foi the development of postopeiative atnil fibnllation aftei 
initial valvotomy are not eleai Tiauiiia to the left atniim with subsequent 
edema and tissue iiceiosis iiicidcnt to tlie valvotomy must be consideied 
an impoitant factor Otlieis have ineiitioiied the possibility of tiaumatie 
pene.iiditis oi postopeiative alteiatioiis insciiim and mtiacelliilai electioljtes, 
but data do not confirm these as etiological factois 

Rheumatic activitj as evidenced by liistologic findings in the lescctcd atnal 
appendage has not been, found significint m postopeiative atnal fibrilla 
tioii “ In 0111 gioup of 41 patients, the djiniiiie lesion in 40 was initial 
stenosis, although otlieis'" have stated that atnal fibnllation oceiiis with 
gieatei ineidenee in patients with initial ieguigitation 

Postopeiative atnal fibnllation is a piamaiy eoiiceiii beeaiise of its 
potential and leal danger to the patient’® Tlieie aic manj studies to demon 
stiate that atnal fibnllation significantly icduees the raidiae oiitinit ” ’ 
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Hansen and Ms associates” found a decrease of 23 per cent in cardiac output 
in patients witli onset of atrial fibidllation. These patients had well-controlled 
venti’icular rates before and after atrial fibidllation, thus eliminating the 
variant of ventricular rate as a factor in cardiac output. Conversion to a 
normal sinus rhythm reduced the pulmonaiy blood volume and the peripheral 
venous pressure. 

Similarly, Kerkhof^- found atrial fibrillation to reduce cardiac output by 

25 per cent. Corday and his co-workers^ reported a substantial fall in cardiac 
output and coronary blood flow with atrial fibrillation. This rapid and 
appreciable reduction in cardiac output appeai-s the most serious effect of 
atrial fibrillation. If the ventricular rate reaches 130 to 150 per minute, the 
cardiac output is even more seriously compromised. Landis and his co- 
workers^'* have found a disproportionate rise in central venous pressure in 
dogs after atrial fibrillation began. 

In several patients in our group of those who developed postoperative 
fibrillation, definite evidence of pulmonary edema was noted soon after onset 
of the atrial fibrillation. The possibility of thrombus formation and embolism 
would appear increased although we have not obsei-ved this. 

A considerable difference of opinion exists regarding the role of cpunidine 
in the prevention of postoperative atxdal arrhythmias. It is generally con¬ 
ceded that digitalis is of most importance in decreasing and controlling ven¬ 
tricular rate if atrial fibx'illation does occur. However, there is no general 
agreement that digitalis prevents postoperative atrial fibrillation. Wood^^ 
and Goodwin® have expressed the opinion that cpunidine is of no value M 
avoiding tMs arrhythmia. We believe that combined digitalization and ade¬ 
quate quinidinization are definitely indicated for the prophylaxis of postopera¬ 
tive atrial fibrillation. In our study, those patients receiving both drugs post- 
operatively had an incidence of atrial fibrillation of only 16 per cent as com¬ 
pared to 30 per cent for those receiving digitalis alone, 35 per cent for those 
receiving quinidine alone, and 32 per cent for those who received neither 
drug. The difference among the last three groups are not statistically 
significant. As noted previously, the majority of those receiving quinidine 
alone or with digitalis recehmd small amounts of the drug. We now believe 
that adequate quinidine prophylaxis requires 0.4 Gm. eveiy 4 hours or 2.4 Gm, 
each 24 hours. This dosage requires daily monitoring by the electrocardio¬ 
gram, observation of the blood pressure and, when available, sei’um quinidine 
levels (Fig. 2). 

Conversion of postoperative atrial fibrillation to normal sinus rhythm is 
much easier than is the conversion of chronic fibrillation. We were able to 
convert 84 per cent of those with postoperative atrial fibrillation, but only 

26 per cent of those with chronic fibrillation. Sellors^” converted only 1 of 41 
with chronic fibrillation while AVood-® reported a 50 per cent conversion rate 
in this group although he noted that 40 per cent of these later relapsed to 
atrial fibrillation. 
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We have preferred to wait until after the tenth postoperative day to at¬ 
tempt conversion. This allows for healing of the atriotomy and general 
recovery of the patient. An attempt is made postoperatively to convert all 
patients to a normal sinus rhythm. To date we have not observed peripheral 
embolization occurring with or after restoration of sinus rhythm. In patients 
in whom left atrial thrombus is found that cannot be removed by the usual 
operative irrocedure, a re-operation is done utilizing extracorporeal circula¬ 
tion. Following this, when the atrium has been thoroughly cleaned of 
thrombus, the conversion attempt is made. 


QUINIDINE signs’- EKG 


I. Normal EKG 


2. Terminal ST depression $ 
Prolongation QT interval 

3. Widening of QRS 

4. Ventricular tachycardia $ 
Ventricular fibrillation 


Fie. 2. 

In those patients in whom postoperative fibrillation has occurred, 
quiuidine is continued for several weeks with a gradual reduction in dose after 
dismissal from the hospital. Sudden termination of this drug from a high 
dosage level may result in a return to atrial fibrillation. In chronic fibrilla¬ 
tion, the quinidine is continued indefinitely if conversion to a normal sinus 
rhythm has been accomplished. The maintenance dose is arbitrarily de¬ 
termined from the amount reejuired to effect conversion and the patient’s 
tolerance. Jfaintenanco therapy is nceefisaiy to prevent recurrent atrial 
fibrillation. 
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SUiVUIARY 

1. Two liimclred and fifty-four consecutive patients who 'had mitral valvot- 
omy are re\’iewed with particular attention to atrial fibrillation as a post¬ 
operative complication. 

2. Atrial fibrillation occurred postoperatively in 41 of 155 patients (26 per 
cent) who liad a nomial sinus rhythm preoperatively. 

3. The arrhythmia developed most commonly on the second, third, or fourth 
postoperative day. 

4. The frequency of postoperative atnal fibrillation was significantly lower 
in those patients I’eceiving both digitalis and quinidine postoperatively. It is 
concluded that the combined use of these drugs is beneficial in preventing this 
deleteifious arrhythmia. 

5. Local trauma to the left atrium incident to the atriotomy is probably 
the most important factor in the etiology of this arrliythmia. 

6. Conversion of postoperative atrial fibrillation to sinus rhythm can 
usually be accomplished while convei’sion of those patients with preoperative 
atrial fibrillation is more difficult. 
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42 to^ 22 per cent. Of those who fibrillate, 36 per cent will revert spontaneously when their 
rate is slowed by increasing digitalis dosage. (I should mention parenthetically that it is 
OM practice to digitalize all patients before mitral surgery and carry them on maintenance 
digitalis postoperatively.) 

Of those who do not revert spontaneously, 89 per cent can be reverted with quinidine 
in about 10 days after operation. Therefore, i£ we start with 100 patients who are in 
normal sinus rhythm, who are digitalized and on quinidine preoperatively, there will be post¬ 
operative fibrillation in 22, spontaneous reversion in 8. Of 14 wlio remain in atrial fibrilla¬ 
tion, 12 can be reverted and only 2 will leave the hospital with an irregular rhythm. 

DE. JEEOME E. HEAD, Chicago, Ill.—^Dr. Kittle’s very interesting paper lias inter¬ 
ested me, although I am not a cardiac surgeon, as I am sure it has interested everyone who 
is a cardiac surgeon and is a thoracic surgeon. 

We have had, after pneumonectomies and lobectomies, our share of postoperative 
fibrillations. We have come to be able, I believe, to anticipate them. In older people, 
wliose coronary circulation is poor, we use quinidine prophylactieally. 

There is one point in the etiology that I would like to bring up, and that is why I am 
discussing this paper. That is the importance of adequate respiratory toilet after surgery, 
and of an ample supply of oxygen. In 1 patient who fibrillated after surgeiy and did not 
raise his secretions and became progressively worse, we did a tracheotomy and put him on 
a pump respirator. As we slowed down the respirator we could make him fibrillate; as we 
speeded up the respirator the fibrillation would stop. 

This led us to what seems to me to be a very reasonable conclusion, that the oxygen 
in the blood plays an important part in postoperative fibrillation. Since tliat time we have 
been able to convert a number of patients with postoperative atrial fibrillation simply by 
using a nasal catheter and cutting down their activity. 

DE. LAUEENCE K. GEOVES, Cleveland, Ohio.—We have not used the prophylactic 
quinidine, but I believe we use quinidine postoperatively about as has been shown. I am 
neither a cardiologist nor a pharmacologist, but little mention was made of the toxicity of 
quinidine. Down on the bottom of the last slide there was a little comment about ventricular 
arrhythmias, and I am sure that with the help of our cardiologists we have killed at least 
1 patient by steadily increasing the dose in refractory fibrillation postoperatively. Nothing 
was found in this gentleman at postmortem after being found dead in bed, but I presume 
that he had ventricular fibrillation. 

DE. MAX G. CAETEE, New Haven, Conn.—^Like the last discusser, I come merely 
because I am trying to learn. 

Our cardiologists are at the moment rather insistent that we not give prophylactic 
quinidine, and I would like to ask Dr. Kittle about this problem. iSomc years ago we felt 
that people with arteriosclerotic heart disease, who were going to have esophagectomies or 
pneumonectomies, should have prophylactic digitalis and we used it and had very few 
arrhythmias. We have since stopped that, and I am sure we don’t have any more arrhythmias 
than formerly. 

In the cardiac patients, however, digitalis is given only when there is a specific indica¬ 
tion, and in the patients who come to operation with a normal rhythm, if there is not an 
indication, digitaHs is not given. If they then begin to fibrillate, digitalis is given with a 
view to getting them fully digitalized within the first 24 hours. If they do not convert, then 
quinidine is added immediately. 

This has seemed reasonable to me purely on the advice of the cardiologists. They point 
out, I think correctly, that digitalis and quinidine are both toxic drugs, and, in some of 
these patients who have a markedly impaired myocardial reserve, one may get into more 
trouble using it than in not using it. 

We have had a lot of experience demonstrated this morning, and I would Uke to hear 
how Dr. Kittle feels about this problem. 
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PR CHARLES P B-VILEY, PluHd».lphia, Pa—I going to join the discussion, 

but I fed so strongly about digitalis that I thought I should 

Our cardiologists for a long time had the same feeling as Di Cirtcr '‘There is no 
use in, guing digit ilis unless there is impending heart f iilure, auricular fibrillation or some 
thing of that sort '' The trouble is, thej forget that we m our surgerj often produce lieart 
failure, or so reduce tlic resene of the litart that it is practicallj in failure That is wlitn 
the patients need the digitalis If jou have not given it lu advance >ou then liave to give 
It intravenouslj It then, takes 120 minutes, which may be too long 

■\\t liavo had to use ouabam and other rapidly acting glucosides to save some of tlie-'C 
people nght under our e>ea during open heart surgery 'Ihcie is no question but that some 
of the liearts just would not beat effectively and that tJiey could not be taken off the pump 
until these glucoaides took effect We arc convinced of tlie greit value of “proplijlactic'’ 
digitalis in all patients undergoing any kind of heart surgerj Tins has been substanti ited 
in many laboiatones in e\pcrimontil work in animils, the results showing i much higliei 
survival rite m certain opeiatioiis on the heirt when digit ills is used routinely than wlien 
it IS not Wc ought to take advantage of our anini il experiences and bring cliuu al niedieine 
at least up to the exjenmeutal level 

DR IxITlLE (Clo'iing)—I am giateful to all of tiu discus^-ers foi their riinark’^ I 
tlunk postoperative atrial fibrillation is in extremely important problem Because of the. 
wide vanetj of patients wlio are being subjected to operation, tins is a problem that can be 
settled oulj by a careful statistical analjsis of laige senes The more cntical appraisal 
there is in each particular chnic, the sooner wc are going to come to a definite answer about 
this problem 

Olio problem was rused the danger of using quinidine Qumidino is certaml;^ a 
dangerous drug But against the danger of qumidinc we aro balancing the danger and the 
risk of the patient who suddenly develops postoperative atrial fibrillation Ve cannot ignore 
tlio patients after lobectomy or pncumonectomj who have a normal sinus rhjthm and develop 
atnal fibrillation Most of us have seen some of these patients die because of tlie reduetion 
in cardiac output that does OLCur as a result of this ariJijtliima, so that if we can pievent 
atnal fibrillation I tliink means sliould be tal en to do tins 

(Slide) When quinuline is given it la quite important to appraise these patients daily, 
to watch their blood prcssuie several times each day and, most important, to monitor the 
electrocardiogram There are definite changes that occur with qmmdine dosage, and cer 
taiulj these changes occur before we get to any fatal arrliythmia such as ventricular tachj 
cardia or ventricular fibrillation 

These aro the changes, briefly described here Beginning with tlio normal electro 
cardiogram, first there is a terminal depression of S T segment and a prolongation of the 
Q T interval This subsequently progiessts to a widening of the QRS interval Nausea, 
scotomata, or subjective symptoms are not considered an, indication for dtcieismg or stopping 
quinidine 

Of all patients in whom quinidine was given, we liavo had only 1 patient who developed 
ventricular tachycardia Fortunately this patient had no further serious difficulty This 
developed in a rather unusual situation because this patient vvas receiving Baiithine Vte 
believe that beciuse of the Baiithine the absorption of quiiuclme was altered so that a higher 
blood level than usual developed 

I think we cannot ignore the factor of trauma to the left atiium as a cause for post 
operative fibrillation because m the past month we have >56011 2 patients with normal si/cd 
left atria wlio had left atnotomies, 1 for the removal of a myxoma, another for an anasto 
mosi<5 of an luomalous left pulmonarj vein Both patients duvcloped atnal fibrillation post 
(iperativelv Neither had left atrnl hypertension preopcratively 
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T he principal safety factor in the use of heparin to prevent coagulation of 
blood in several clinical situations has been tlie availability of an antagonist 
to treat overdosage or for prompt cessation of heparin effects when necessary. 
This antagonist, protamine sulfate, has been prompt, reliable, and predictable 
in its action. However, a number of undesirable side actions have followed its 
use, including dyspnea,' hypotension, bradycardia and, when given in exces¬ 
sive dose in vitro, an increase instead of decrease in coagulation time.^ 

In 1953, Preston and Parkei*® reported on the effectiveness of polybrene, a 
synthetic polymerized quaternary ammonium salt, as a heparin antagonist in 
vitro and in vivo, and estimated that 0.75 mg. of polybrene would neutralize 
1.0 mg. of heparin. Weiss and his co-Avorkers^ reported the effective use of 
polybrene to neutralize heparin administered during extracorporeal circula¬ 
tion for open heart surgery. They also .suggested that 0.7 mg. of polybrene 
was sufficient to antagonize the anticoagulant effect of 1 mg. of heparin. 
When administered to conscious patients, poiybrene produced subjective 
effects described as a “colloid reaction,” Avhich included symptoms as dizziness, 
flushing of the face, dyspnea or Avheezing, substemal pressure, lumhar pain, and 
weakness. 

The present study Avas designed to determine the relative merits of pro¬ 
tamine and polybrene as antagonists to heparin used during extracorporeal 
circulation. The proper comparison of dnigs Avith similar primary actions 
requires that a precise estimate be made first of the relathm potency of the 
drugs being compared.® Only then can relative side action liability be deter¬ 
mined using equipotent doses. The failure to employ equipotent doses in 
studies of side action liability can lead to large errors in estimates of relative 
merits of drugs. This study Avas designed in this pattern. 
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■METHODS 

Antihcpann Potency —Foil} noncjanotie patic'nts uncleigoing e\tia 
eoipoieal ciiciilatioii with a tiubblo o'vjgenatoi'- foi coiieetiie open heait 
sill gel \ iieie subjects foi tins assay These patients mchided both ehildieii 
and adults and a laiiety of cauliac diseases (age laiige, 3 to 28 jeais, Height 
lange, 22 to 136 pounds) Clotting times ucie detcimined bj the Lee AVhite 
method, using 1 0 e c lolume of blood in each of 3 tubes The fiist tube iias 
tilted eveij minute until a elot foimed Then the second tube was tilted simi 
laily, then the thud The clotting time was the peiiod between sampling of 
the blood and the tune when the blood in all tliiee tubes Ind clotted All 
blood samples weie collected fiom the light veiitiiele in diy 10 e e sjiinges 
uith a 20 gauge needle Samples MCie diaivii at the following peiiods (1) 
piioi to hepaiinization, appiOMinately 20 minutes befoie eaidiopulmonaiy 
bypass, (2) 5 iiiiuutes aftei hepaiin administiatioii, (3) 5 minutes aftei ad 
ministiatioii of the liepaiiii aiitagonsst, appiosimatelj' 10 iniinites aftei eaidio- 
piilmonaiy bjpass, (4) 15 minutes aftei administiation of the antagonist, and 
(5), in some patients, 5 minutes aftei administration of additional liepaiin 
antagonist 

The following doses of hepaiin antagonists i\eie studied piotamine 15 
mg, 2 0 mg, and 5 0 mg pei kilogiain of body weight, polybreiie 0 75 mg, 
15 mg, and 3 0 mg pei kilogiam of body Height Piioi to administiation of 
eithei antagonist, 10 pei cent calcium gluconate (0 5 to 1 0 Gm ) h as admin 
isterod iiitiaicnously to ueutialize any eitiatt possibly ciioulating fiom 
hanked blood admimsteied piioi to bjpass Both antagonists neio injected 
in undiluted foim o\ei a peiiod of 30 to GO seconds The usual time elapsing 
fioiii the administiation of hepaiiii to administiation of antagonist was 30 to 
40 miiiutcs 

III all patients, hepaiin (1 5 mg /Kg ) piolonged coagulation time by moie 
than 60 minutes beyond the coiitiol (pic hepaiin) clotting time Assuming a 
100 pel cent hepaiin effect to be 60 minutes beyond contiol clotting time, the 
follownig foimula was devised to espicss antihepaiin potency following ad 
imnistiation ot an antagonist 

, , (control clotting time + GO) - observed clottinr: time 

% heparin neutralization = --—-——--— 

Side Action Liability —Eleien adult patients recoieiing fiom mnioi suigi 
cal pioceduics done undei local oi spinal anesthesia (without tasopiessoi) 
weic subjects of this study Undiluted piotamine (5 mg/Kg) oi polybiuie 
(3 nig/Kg) was injected lapidly intiaiciiouslj oiei a peiiod of 30 to 60 
seconds Immediattlj befoie and aftti injection, blood pitssuie, pulse nte, 
and lespiratoiy late weie lecoided eveij' iiiinute foi f> minutes, then eieiy 5 
minutes foi 20 minutes Clniigts in pulse late of less tlini 10 pei minute, oi 
of systolic 01 diastolic piessuie of less than 10 mm Ilg wtie not consideied 
significant The subjective effects jiiodueeel by the diug Hcie elicited by 
1 espouses to nonspeeific (juestions as “How do you feel?” _ 
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RESULTS 

Relative Potency .—Wlieii the degree of hepax'hi neutralization by both 
protamine and polybrene was compared at 5 and 15 minutes after administra¬ 
tion (Table I), it was apparent that maximum antihepaidn effect occurred 
■svith both dings within 5 minutes. Therefore, clotting times 5 minutes after 
administration were used to determine relativ^e potency. The 5-minute post¬ 
neutralization data as collected are presented in Table II. Except for the 
group which received 1.5 mg./Ivg. of protarame, the duration of eardiopul- 
monai-y bypass was comparable in all groups as was the control clotting times 
in groups being compared. Per cent heparin neutralization was calculated for 
each individual and the means in Table II represent the means of indi^^dual 
values. 


T.\bi.e I. CoiiPAEiso.v OP Degeee op Hepari.v Keutsaeizatiox at 5 AXD 15 illXUTES Apteb 
IXTEAVEXOUS ADJIIXISTR^mOX OP Pbot.vmixe axd Polvbkexe 





1 mean % IlF.PARtS XEDTEALIZATIOX 

DOSE 

(MG./KG.) 

XDMBER OF 

PATIENTS 

1 

j 

1 5 itlN. *VFTER 

1 ADMINISTRATION 

15 lUX. AFTEP. 
ADMINISTF.ATIOX 

1.0 

3 

Protamine 

21.7 

26.7 

2.0 

2 


71.5 

30.0 

5.0 

5 


98.4 

98.4 

0.75 

5 

Polybrene 

24.2 

13.0 

1.5 

0 


96.0 

92.0 

3.0 

7 


100.7 

97.3 


T.\ble II. Epfective-xess of Three Dose LErars op Pkotajxixe axd Polvbkexe in Keu- 
TPv.VLlZIXG THE AXTICOAGCLAXT EFFECTS OF 1.0 MG,/KG. OF HEPAEIX 


DOSE 

(MG./KG.) 

NUMBER OF | 
PATIENTS 

1 

1 

1 

DUFJ^TION 

OF BYPASS 
' illN. ± S.E.t 

1 

CONTROL 

ChOmSG 

TIME 

min, ± S.E.t 

clotting 
time 5 MIN, 
AFTER 

ANTAGONIST 
MI.N. ± S.E.t 

% HEPAP.IN 
NEUTRALIZA¬ 
TION* 

± S.E.t 



Protamine 




1.5 

0 

7.8 ± 0.7 

14.4 

± 2.6 

54.6 ± 7.8 

21.6 ± 13 

2.0 

6 

12.4 ± 2.5 

15.2 

r 3,1 

31.7 ± 6.8 

72.3 r 11 

5.0 

5 

14.4 ± 2.6 

9.2 

± 0.5 

10.2 ± 1.0 

98.4 ± 2.3 



Polybrene 




0.75 

5 

14.4 - 2.8 

15.6 

± 3.7 

61.0 ± 9 .S 

24.2 ± 15 

1.0 

11 

13.5 ± 1.9 

14.5 

± 1.7 

16.5 ± 2.7 

96.6 ± 3.1 

3.0 

8 

16.9 ± 2.6 

9.6 

± 0.4 

9.5 ± 0.3 

100.3 ± 0.9 


♦See text for definition. 
tStandard error of mean. 


These data were plotted as a dose effect relationship for each drug (Fig. 
1), utilizing only the data of the two lower dose levels from each drag. The 
regression equation for each curve was calculated from a plot of individual 
values. The slopes of the two curves were strikingly similar and significant 
(polybrene: slope 96.6, P < 0.01; protamine; slope 101.7, P < 0.02). Co- 
v'ariance analysis of this block of data' indicated no significant diffeience 
between regre.ssion (P > 0.05) but a highly significant difference between 
curve means (P < 0.01). Because of the similar regression coefficients, curves 
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weie not adjusted to a common slope and iclaU\e potency was estimated by 
calculation at 100 pei cent hepaim ncutializatioii Tins estimate was 154 
rag/Kg of polybiene oi 2 27 mg/Kg of piotamine, neiitiali/ed 15 mg/Kg 
of heparin m this elimcal situation Kxpiesscd diffeiciitly, poljbrene was 15 
times as potent as piotamine at 100 pei cent iicutialiantion effect 

Additional data to siippoit this estimate iveie obtained bj the adniiiiistia 
tion of additional doses of polybiene to patients whose clotting times did not 
letiiin to coiitiol lalues aftei the initial dose of antagonist In 4 patients, 
polybiene (1 5 mg/Kg ) given aftei piotamine (15 mg/Ifg ) iiici eased hepaiin 
neiitialization fiom 27 to 99 pei cent In d patients, polybiene (1 5 mg/Kg ) 
giieii aftei piotamine (2 0 mg/Kg) iiici eased ncutializatioii fiom b3 to 102 
pel cent In 5 patients, polybiene (0 75 mg/Kg) gnen aftei polybiene 
(0 75 mg/Kg ) iiieieased hepaiin neiitialization fiom 24 to 63 poi cent In 2 
patients, who leceived polybiene (15 mg/Kg), an additional dose of iioh 
brene (15 mg /Kg ) did not significantlj increase the degiee of iioutializatioii 

HEPARIN (15 Mg /Kg 1 NEUTRALIZATION 
BY POLYBRENE AND PROTAMINE 



Fig- 1—Relative antihepann potencj of poljbrene an 1 protiinlne expies&eU as a Ios,c 
effect relitionshlp At lOQ per cent heparin neutralliation 15-1 mg iier kilogrun of poly 
brene is equivalent to 2 27 mg per kilogram of protamine At twice the neutralization 
lose neither drug produces an antico vgnlant effect 

Since e\cessi\e doses of protamine and poljbieue have been lepoited to 
piodiice a liepann-like effect and piolong coagulation times,'' ® the eftocts of 
twice the estimated neiitializmg dose was also studied I’lvc patients iiceiicd 
5 rag/Kg of piotamine and 8 patients, 3 mg/Kg polybiene (Table II) 
Obviously, no anticoagulant effect was pioduccd by these doses 

When used foi cardiopnlraonai i bypass, the irainp osygen itoi itself ein 
induce clotting defects fiom tiauiiia to the blood with eonseqiient loss of 
flhiin and thiomhocjtes It was, theicfoic, mipoitaiit to eoiielate the diiiation 
of pci fusion with the degiee of fiiluie of hepaim neutializ ition Tins ms 
done with the data of 16 patients in whom hepaim efteets neie not completeh 
antagonized by eithei antagomst The coiielatioii coeflieient of ilm flntion-’' 

1 i-»+s n/iYi 1 ot Tnnf 1i fi n II nf» ili» f I »nff f) tn Tin f- 
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RESUI*TS 

Relative Potency .—•’When the degree of heparin iieutralization by both 
protamine and polybrene was compared at 5 and 15 minutes after administra¬ 
tion (Table I), it was apparent that maximum antiheparin effect oeciiiTed 
with both di’ugs within 5 minutes. Thei'efore, clotting times 5 minutes after 
administration were used to determine relative potency. The 5-minute post¬ 
neutralization data as collected are presented in Table II. Except for the 
group which received 1.5 mg./Kg. of protamine, the duration of cardiopul¬ 
monary bypass was comparable in all groups as was the control clotting times 
in groups being compared. Per cent heparin neutralization was calculated for 
each individual and the means in Table II represent the means of individual 
values. 


T.vble I. Comparison op Degree op Heparin Neutralization at 5 and 15 Minutes After 
Intravenous Administratioiv op ProtxIMine and Polybrene 


DOSE 

(MG./KG.) 

i 

NUMBER OP 1 

PATIENTS 

I MEAN % HEPARIN NEUTRALIZATION 

f 5 MIN. AFTER 

1 ADMINISTR.VTION 

15 MIN. AFTER 
ADMINISTRATION 


Protavline 


1.5 

3 

21.7 

26.7 

2.0 

2 

71.5 

50.0 

5.0 

0 

98.4 

98.4 


Polybrene 


0.75 

0 

24.2 

15.0 

1.5 

5 

96.0 

92.0 

3.0 

7 

100.7 

97.3 


Table II. Effectiveness op Three Dose Levels op Prot^vuinb and Polybrene in Neu¬ 
tralizing THE Anticoagulant Effects op 1.5 mg./Kg. op Heparin 


DOSE 

(MG./KG.) 

i 

1 

1 NUMBER OF 

1 PATIENTS 

duration 

OP BYPASS 
MIN. ± S.E.t 

I 

CONTROL 

CLOTTING 

TIME 

MIN. ± S.E.t 

CLOTTING 
TIME 5 MIN. 

AFTER 

ANTAGONIST 

1 MIN. ± S.E.t 

% HEPARIN 
NEUTBALIZA- 
TION* 

± S.E.t 



Protamine 



1.5 

5 

7.S ± 0.7 

14.4 ± 2.6 

54.6 + 7.8 

21.6 ± 13 

2.0 

6 

12.4 ± 2.5 

15.2 ± 3.1 

31.7 ± 6,8 

72.3 ± 11 

5.0 

5 

14.4 ± 2.6 

9.2 ± 0.5 

10.2 ± 1.0 

98.4 ± 2,3 



Polybrene 



0.75 

5 

14.4 ± 2.8 

15.6 + 3.7 

61.0 ± 9,8 

24.2 ± 15 

1.5 

11 

13.5 ± 1.9 

14.5 + 1.7 

16.5 ± 2.7 

96.6 ± 3.1 

3.0 

8 

16.9 ± 2.6 

9.6 ±0.4 

9,5 ± 0.3 

100.3 ± 0.9 


*See text for definition. 
fStandard error of wean. 


These data were plotted as a dose effect relationship for each drug (Fig. 
1), utilizing only the data of the two lower dose levels from each drug. ^ The 
regression equation for each curve was calculated from a plot of individual 
values. The slopes of the two curves were strikingly similar and significant 
(polybrene: slope 96.6, P < 0.01; protamine: slope 101.7, P < 0,02). Co¬ 
variance analysis of this block of data=^ indicated no significant difference 
between regression (P > 0.05) but a highly significant difference between 
curve means (P < 0.01). Because of the similar regression coefficients, curves 
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woie not adjusted to a common slope and leiatise potency was estimated by 
calculation at 100 pei cent hepai in neuti alization This estimate was 1 54 
mg/Kg of polybiene oi 2 27 mg/Kg of piotamine neutiahzed 15 mg/Kg 
of hepaiin in this clinical situation Ilxpressed diffeiently, polybiene was 1 5 
times as potent as piotainiue at 100 pei cent ncuti iliaatiou effect 

Additional d.ita to suppoit this estimate weie obtanied by the adniiiiisti a- 
tion of additional doses of polybiene to patients whose clotting times did not 
letuin to eontiol values aftei the initial dose of antagonist In 4 patients, 
polybiene (15mg/Kg) given after piotamine (15mg/Kg) inei eased hep inn 
neutralization fiom 27 to 99 pei cent In 3 patients, polybiene (1 5 mg/Kg ) 
given after piotamine (2 0 mg/Kg) incieased neutialization fiom 03 to 102 
pel cent In 5 patients, polybiene (0 75 mg/ICg) given aftei polybiene 
(0 75 mg /Kg ) incieased hepai in neutialization fiom 24 to 65 pci cent In 2 
patients, who leceived polybiene (15 mg/Kg), an additional dose of poly 
biene (1 5 rag /Kg ) did not significantly iiiciease the degiee of neutialization 

HEPARIN (I 5 Mg / Kg ) NEUTRALIZATION 
BY POLYBRENE AND PROTAMINE 



PiR" 1—Rclatise untiheparln potency of polybiene an I piotamine expicssjcl is a dose 
cJfect relationsliip At 100 per cent hepirm neutralization 1 54 me per kilogram of poly 
breno Is equivalent to 2 27 mg' per kilogram of protamine At tnlce the neutralization 
dose neither di-u^ produces an anticoagulant effect 


Since escessive doses of inotiminc and polyhiene have been lepoited to 
pioduee a hepaim like effect and pioloiig coagulation times," ® the eftcets of 
twice the estimated neutializing dose was also studied I’lve patients leceived 
5 mg/ICg of piotamine and 8 patients, 3 mg/Kg polybiene (Table II) 
Obviously, no anticoagulant effect was pioduoed by these doses 

"When used foi cardiopulmoiniy In pass, the pump o\j genatoi itself cm 
induce clotting defects fiom tiauma to the blood with eoiisequeiit loss of 
fibiiii and thiomboeytes It was, theicfoie, uupoitant to coiielate the dnntion 
of peifusion with the degiee of failuie of hepatin neutialization This was 
done with the data of 16 patients in whom hep inn effects wcio not coiinilctclj 
antagonized by eithei antagoiust The con elation coefficient of the lelationship 
between pei cent hepai in neutialization (lange 0 to 75 pei cent) and duiation 
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of perfusion (range 5.0 to 22.5 min.) was 0.098. This indicated that no cor¬ 
relation existed and that other clotting defects which may have been produced 
by the pump-oxygenator probably did not accoruit for the failure of clotting 
after administration of low doses of heparin antagonists. 

The heparinized blood used in the pump-oxygenator contained 18 mg. of 
heparin per 500 c.c. It was therefore possible that the actual amount of hepa¬ 
rin being neutralized in this study was more nearly 2.0 mg./Kg. than 1.5 
nig./Ivg. Assuming a 70 kilogram man has 5 liters of blood, the dose of 18 
mg. of heparin per 500 c.c. of blood approximates an in vivo dose of 2.5 mg./Kg. 
The actual effective circulating heparin at the end of perfusion could therefore 
range between 1,5 and 2.5 mg./Kg. The exact amount would depend on the 
blood volume of the patient, the blood volume of the extracorporeal circuit, 
and the loss of heparin during blood storage. 

Side Action Liability .—In the 40 patients used for the potency assay, both 
protamine and polybrene were injected intravenously undiluted over a period 
of 15 to 60 seconds. The injection was timed to follow immediately upon the 
removal of the cannulae from the venae cavae, if the pulse rate and blood 
pressure were stable and satisfactory. Marked hypotension did not occur in 
any patient following the rapid administration of either drug at any dose level. 
In some patients, decreases in systolic blood pressure of 10 to 20 mm.Iig were 
observed at some time during the 10-minute period which followed the admin¬ 
istration of an antagonist. However, these pressure changes could be as 
readily attributed to the continuing blood loss from the cardiotomy incision 
as to the injection of the drug, since these events were simultaneous. When 
hypotension occurred, it was treated by transfusion. No patient received a 
vasopressor following cardiopulmonary bjT^ass and no electrocardiographic 
changes could be attributed to the injection of these drugs. 

The data obtained from the 11 postoperative patients given protamine and 
polybrene are suiiimarized in Table III. Large doses (twice the neutralizing 
dose) and rapid injections were used to magnify any changes which might 
occur. It is obvious that both drugs did surprisingly little. Protamine tended 
to have a greater hypotensive effect than polybrene. The blood pressure of 
one patient given protamine decreased from 120/70 to 90/60 mm. Pig and re¬ 
mained low for 20 minutes when a vasopressor was given. No alarming effects 
appeared in any patient. Most changes, including all symptoms, lasted less 
than 5 minutes and occurred primarily diu'ing 1 or 2 minutes after rapid 
injection. 

DISCUSSION 

When given in equipotent doses, both protamine and polybrene are effec¬ 
tive heparin antagonists. After intravenous administration, both drugs exert 
their maximum effect within 5 minutes. Heparin neutralization by either diiig 
was sustained, since no patient required additional amounts of protamine or 
polybrene in the postoperative period and clotting times, done one hour post- 
operatively, were in the normal range. From this study a precise statement 
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TvBtE m Side Action LiABiLiTr oj Intjuvevobs PKOTAaiNE uid PotyBBENE in 
C oNScJons Subjects 




DRUG 


PBOTWfJNB (O itfl/KG ) 

j ror\BKENF (3 AIG/KC) 

Subjects 

0 (ages 16 57) 

5 (ages 21 62) 

Tot il Dose 

mg 

J70 450 mg 

150 210 mg 

e c 

27 45 c c 

18 23 cc 

Blood pre-asure 

Becreastd m (> 

Decieist-d m 1 

change 

Mean decrease 

JO mm sjstohc 

9 mm diaatohc 

Duration—5 min m 4 
Duration—5 to 20 mm in 2 

140/70 to 120/70 for 2 nnu 

No ch inge in 4 

PuKe rate 

No change in 2 

Dccn'i'ft.d (22/nim ) m2 

change 

Increased (25/min ) m 4 
Duration—o to 10 mm m 4 

Increased (25/min ) in 3 

Duration—5 mni in 5 

Ibspiration 

No change m o 

No change in 4 
lIjpcjr\entiHtion m 1 

Symptoms 

B id taste—1 

B id taste —3 

(no of 

Flushed face—2 

Suhsti-rnal distofufart —1 

subjects) 

Irm pam—1 

Stinging all over—1 

No e/Fc(*t —1 

Pc'jtlessnt‘«s —1 

Ginerali/cd muscle spasm—1 

No effect—1 


as to the dose of piotamiiu oi polj’bienc leqmipd to neutiahze JO iiig ot 
hepann eamiot be wade since tbt exact amount of eOectn o cn culatmg hepaun 
at the end of extiacoipoieal ciidilation could not be deteimnied lJuwevei, a 
pieeise estimate ot the lelatuo antilicpaiin potency of piotamine and poly 
biene can be made, inmeiy, poiybieiic is 15 times as potent as piotamnie at 
100 pel cent antiliepann effect 

In both anesthetized and awake patients piotaninie and poiybiene aie 
leniaikabJy fiee fioni seiions side actions Even ivitb lapid intiaipnous in 
jection, at twice the iieutializing dose, iii patients who had nndeigone extia 
eorpoieal ciiculatioii, no walked Inpotensioii resulted In conscious siibiecls, 
piotamme tended to pioduee iiioic hypotension than poiybiene, but the hypo 
tension was not seieio in any patient The subicctiie effects piuduocd by 
both dmgs weie nnpleasint, but mild and tiansient Except lor hiqieiientiJa 
tion in one instance aftci poiybiene, no dxspnta, wheezing, bionchospasm, oi 
alleigic plieiionien.i weie obsciied m these patients Theic was no c\idenee ot 
an anticoagulant effect iiom hige doses of piotamiiic oi pohbicnc Bofii drugs 
Inie a wide niaigiu of safetj 

Ilepaiin is administeied intiaxenousiy to om patients at 1 1 mg pet kilo 
gi im ot bods weight just befoie caiiiiiilatioii foi bjp.iss In oulei to aiitago 
m/f lu|)iim we euueiitly admimstei 25 mg to 3 mg pei kilogram of 
pohbi<ne lapidh intiaienously upon the iemo\.il of the caiinuhie fi om the 
venae cava( lias has pioved satisfaetoiy and safe Our piefeiciice foi 
polvbieiip IS bisid pnmaiily on eise of adiiiimstiation and, sccondaiiJy, on a 
lessei hvpofmsn e effect Poij bi cue is packaged in iJOec ampule contain¬ 
ing 100 mg whereas piotamine is contained m i 5 cc amjmlc at the simc 
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eoneentration. Therefore, fewer ampules of polybrene are required for the 
adult patient and a smaller volume can be injected because of increased 
potency. In addition, polybrene solution shows no tendency to foam as does 
protamine. AVhen blood replacement has been adequate, hypotension follow¬ 
ing protamine has not been a problem in our experience.* Others, however, 
have been troubled by “protamine .shock.We have chosen a polybrene dose 
greater than 1.5 mg./ICg. because of its .safety and in order to en.sure complete 
heparin neutralization since it is po.s.sible that circulating heparin after extra¬ 
corporeal circulation may be as high as 2.5 mg./Kg. 

STOIIIAKY 

In 40 patients undergoing extracorporeal circulation, the relative anti¬ 
heparin potency of 3 dose levels of polybrene and 3 dose levels of protamine 
have been determined by Lee-AVhite clotting times after administration of 
1.5 mg./Kg. of heparin. At 100 per cent hepai-in neutralization, polybrene 
was 1.5 times as potent as protamine. Heparin neutralization by both drugs 
after rapid intravenous administration was maximum within 5 minutes and 
was sustained. The side actions produced by these drags were noted in anes¬ 
thetized patients and in 11 comseious adult.s. Protamine tended to produce 
mild hypotension in conscious subjects whereas polybrene produced no such 
response. Subjective effects produced by both drugs at twice the heparin 
neutralization dose were mild and tramsient. 


KEFEREXCES 


1. Jacque.s, L. B., Charles, A. E., and Best, C. II.: Administration of Heparin, Acta raed. 

scandinav., Suppl. 90: 190, 1938. 

2. Hurt, E., Perkins, H. A., Osborn, .J. J., and Gerbode, E.: Neutralization of Heparin by 

Protamine in Extracorporeal Circulation, .T. Thoracic Burw. 32: 612, 19.56. 

3. Preston, E. W., and Parker, E. P.: New Antiheparin Agent “Polybrene”: Effect in 

Peptone Shock and Experimental Eadiation Injury, A. A. Arch. Surg. 66; 545, 
1953. 

4. Weiss, W. A., Gilman, J. S., Catenacci, A. J., and Osterberg, A. E.: Heparin Neutrali¬ 

zation With Polj'brene Administered Intravenously, .1. A. H. A. 166: 603, 1958. 

5. Keats, A. S., and Beecher, H. K.: Analgesic Potency and Side Action Liability in 

ilan of Heptazone, WIN 1161-2, 6-methyldihydromorphine, iletapon, Levoiso- 
methadone and Pentobarbital Sodium as a Eurther Effort to Eeline Methods of 
Evaluation of Analgesic Drug.s, J. Pharmacol. & E.xper. Therap. 105: 109, 1952. 

6. Cooley, H. A., Latson, J. E., and Keats, A. S.: Surgical Con.siderations of Ventricular 

and Atrial Defects Utilizing Cardiopulmonary Bypass, Surgery 43: 214, 1958. 

7. Snedecor, G. W.: Statistical Methods, ed. 4, Ames, Iowa, 1946, Iowa State College 


Press, p, 330. . . , ■„ i t. 

8. Preston, E. W., Hohf, E., and Trippel, O.: Neutralization of Hepann With Polybrene, 

Quart. Bull. Northwestern uiiiv. ^I. School 30: 138, 1956. , 

9. Keats A. S., Kurosu, Y., Telford, J., and Cooley, D. A.: Anesthetic Problems in Cardio¬ 

pulmonary Bypass for Open Heart Surgery: Experience With 200 Patients, Anes¬ 
thesiology 19: 501, 1958. 



COARCTATION OF THE AORTA WITH PROXIMAL AORTIC 
DILATATION AND CALCIFIC ATHEROMATOUS 
DEGENERATION CORRECTED BY 
ENDARTERECTOMY 

Pierce J Flynn, A1 D , and Albeit A Kattus, A1 D, Los Angeles, Calif 

D ilaiation and degeiieiatue changes of the aoita lying psoMnial to a coaiota 
tion die ficqueut findings in the suigical lepaix of this congenital anomaly 
In a study ot 200 eolleeted cases of adult eoaictation, Abbott’ desoiibed piosimal 
doitie dilatation and atheiomatous dcgciieiation to a gieatei oi lessei extent in 
50 poi cent of the cases When these changes in the aoitio wall aie pionoiiiiced, 
the difficulties of opeiatne collection and the incidence of postopciatiie lieiiioi 
ihage aie apiireeiably meieased The accepted pioceduie of lesectioii and 
anastomosis in such cases piesents a fomidable suigical piobleni, geneiaUy ac 
companied by a high opeiative nioitality In the case lepoited lioieni, a sue 
cessful collection of a coaietation associated ivitli seveie dilatation and calcific 
atheiomatous changes in the pioxinidl aoita was accomplished by employing a 
modification of the tceliiiique of endaitcicctomy This case is piesented as a 
successful example of the use ot an alternate method in the tieatnient of this 
particulai surgical problem 

CASE REPORT 

The patient was a 27 j ear old white married woman ^\ho i\as referred to the 
University of California Medical Center, Los Angeles, in Oct 1957, for evaluation of a 
known hypertension of 7 years’ duration Hypertension was first diagnosed in 1950 by her 
family physician, nhen a blood pressure of 190/SO mm Hg nas recorded during a routine 
physical examination A thorough norkup in 1951 at a metropolitan Ncu lork hospital 
levealed that the patient had aluiys been asymptomatic, active physically, and had 
progressed normally through tuo pregnancies Further workup at that time reiealed a 
blood pressure of 165/05 mm Hg in the right arm and 108/70 mm Hg in the right leg 
She was a well developed, well nourished woman with tho only positive findings limited to 
her cardiovascular system She had bilateral bounding carotid pulses and a Grade 3 
systolic murmur audible over the entire precordium The heart was not enlarged Immoral 
pulsations were markedly diminished bilaterally An electrocardiogram showed a vertical 
electrical axis with a normal sinus rhvthm Roentgenogram of the chest demonstrated 
advanced calcific sclerosis and dilatation of the ascending aorta and the aortic arch and 
its branches, terminating several centimeters distal to the left subclavian artery Iso 
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notching of the ribs was visible. An angiocardiogram of the right side of the heart was 
normal. An aortogram, however, revealed a markedly dilated, proximal aorta, 40 nun. m 
diameter, which narrowed to 17 mm. in diameter in the descending aorta. The impression 
recorded in 1951 was that the patient had hypertension of the upper extremities with 
marked atherosclerosis of the proximal aorta and probable coarctation. Since 1951 the 
patient had been on antih3pertensive drugs and had remained well except for increasing 
fatigability and mild exertional djspnea. 

On admission to this institution in 1957, the patient’s blood pressure in each arm 
was 240/70 mm. Hg and in each lower extremity was 110/75 mm. Hg. The femoral pulsa¬ 
tions were barelj- palpable. A blowing, Grade 4 sj'stolic murmur was heard over the 



g 


Fig_ i_—Left anterior oblique chest x-ray demonstrating marked dilatation and calcification of 

proximal aorta and aortic arch branches. 

precordium, which transmitted into the neck and axilla. A Grade 2 earlj' diastolic murmur 
was audible along the left sternal border in the fourth interspace. An electrocardiogram 
revealed left ventricular hypertrophy. A moderate cardiomegaly was present on roentgeno¬ 
gram, and the previous severe calcific atherosclerosis of the proximal aorta associated with 
diffuse dilatation and prompt narrowing of the aorta, distal to the left subclavian arterj, 
was again visualized (Pig. 1). Intravenous pj-elograms and renal chemistries were normal. 
Serological tests for sj-philis were negative. The preoperative diagnosis was coarctation 
of the aorta with extensive proximal calcific sclerosis and dilatation, cardiomegaly, and 
aortic insuffieiencj". 

On Jan. 10, 1958, a left posterolateral thoracotomy was made through the bed of the 
fifth rib, and the fourth and sixth ribs were divided posteriori}-. A very dilated calcific 
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Fig 2. Fiff. 3. 

Fig:. 2.—Left posterolateral thoracotomy. The \isceral pleura is incised over the coarcta¬ 
tion segment. The discrepancy in vessel dianreter m the proximal and distal aorta is demon¬ 
strated 

Fig. 3 —^Aoi totomy over tlio coarctation revealing heavy caJci/Jc aUieromatous piaque 
deposition in the proximal ooita and stenotic area with almost total obstruction of the aortic 
lumen. 



Fig. 4 . Fig. 5. 

Fig. 4.—^Aortic lumen restored to an adequate diameter following endarterectomy of ob¬ 
structing process. 

Fig. 5.—Aortic homograft sutured over thlnncd-out uall and aortotomy. 
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aorta exteaded from the aortic valve to 1 cm. distal to the left subclavian artery; at this 
point, the aorta narrowed to one third its proximal diameter with a faint pulsation distally 
(Fig. 2). The strictured area did not resemble a typical coarctation, since its external 
diameter was only slightlj- less than a normal-sized descending aorta. The intercostal 
arteries were moderately dilated. After the left subclavian artery and proximal and distal 
aorta were controlled, a longitudinal aortotomy was made through the area of coarctation. 
The lumen was almost totally obstructed with atheromatous deposits which lined the 
stenosed segment of aorta (Fig. 3). The obstructing calcific deposits were freed from the 
aortic wall bj- sharp and blunt dissection to a point just proximal to the left subclavian 
artery. A lumen of l.o to 2.0 cm. was obtained through the stenosed area (Fig. d). The 
aortotomj' was closed with a continuous 3-0 silk suture and reinforced with an aortic homo¬ 
graft, since the aortic wall was extremely thin in the endarterectomized segment (Fig. 5). 
During the occlusion of the proximal aorta, Arfonad maintained the blood pressure in the 
upper extremities below 200 mm. Hg. 

The patient tolerated the operative procedure quite well, and her postoperative 
course was uncomplicated. Simultaneous brachial and femoral artery pressure of 250/7S 
and 215/SO mm. Hg, respectively, were recorded postoperatively. The patient is now one 
year postoperative and blood pressures taken at this time are 158/51 mm. Hg in the right 
arm and 180/100 mm. Hg in the right leg. The patient leads a normal life at the present 
time and has begun lessons in water skiing. 


DISCUSSION 

The dilatation and degenerative changes observed in the aorta proximal to 
a coarctation are generally believed to result from .stresses of increased intra¬ 
luminal pressure. Clagett- felt that the degree of vascular damage in the 
proximal aorta is related directly to the duration of the lesion. He found tliat 
the patients witli coarctation with extensive vascular damage had an average age 
older than those ivith minimal or moderate damage. He also postulated that 
the degree of vascular damage was related to the amount of physical exertion 
and resultant strain on the cardiovascular system, since the more extensive 
changes were present predominantly in males. 

Another possible factor in the etiology of these changes in the vessel wall 
is an inherent weakness in the media of the aortic wall itself. It is difficult to 
determine whether the elastic fiber deficiency and fibrous replacement described 
in the proximal aorta in young adults Avith coarctation is congenital in origin 
or secondary to stress.®'® It Avould be necessai'y to study the aoi*ta in infants 
and children Avith coarctation, presumably before intraluminal pressure Avould 
have had any effect, in order to postulate a congenital weakness underlying these 
changes in the vessel Avail. 

In the case reported, severe dilatation and calcification of the proximal 
aorta prohibited the usual procedure of resection and anastomosis. Since the 
circumference of the strictured segment Avas only slightly less than normal, it 
Avas felt that the obstructive process could be removed intraluminally thinugh 
a longitudinal aortotomy. The progi’essive accumulation of calcified deposits on 
a previously congenitally stenotic area resulted in an almost complete aortic 
obstruction. We feel that this patient never had a typical coarctation, but 
rather a congenital narroAving of the aorta distal to the left subclavian artery 
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which was probably compatible ivith normal life expectancy until she acquired 
pronounced secondaiy changes in the proximal vessel wall and coarctation 
segment itself. 

Thromboendartereetomy has been employed more extensively in recent 
years in the attack on occlusive arterial disease. Favorable experience has 
accumulated using this technique in arteriosclerotic occlusive disease of the 
aortic, iliac, femoral, renal, carotid, and coronary arteries. The usual type of 
coarctation, with its pronounced narrowing of the entire diameter of the aortic 
wall, is only correctible by resection. However, in situations where the size 
of the coarctation segment is larger and the changes in the vessel wall are 
pronounced, endarterectomy may be employed successfully with less risk to the 
patient. 

SUMltARY 

The successful correction of a coarctation of the aorta, associated with 
severe dilatation and atheromatous degeneration of the proximal vessel wall, 
remains a hazardous surgical problem. In the case reported, the proximal 
aorta as well as the coarctation segment were involved with calcific ather¬ 
omatous degeneration. The constricted segment was restored to an adequate 
lumen by a longitudinal aortotomy and endarterectomy. This operative ap¬ 
proach, although not applicable in the majority of cases of coarctation, is 
recommended as an alternate procedure in selected patients. 
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TREATMENT AND PALLIATION OF CARCINOMA OF THE 
ESOPHAGUS BY TWO-STAGE ESOPHAGECTOMY 
AND ESOPHAGOCOLOGASTROSTOMY 

Robert P. McBur^zey, M.D., S. Gwin Robbins, ALD,, and 
Russell Patterson, ALD., Aiemphis, Tenn. 

C arcinoma of the esop]iagus, in most cases, is a fatal tumor; it is difficult 
to palliate, and is a challenge to all interested in the disease. 

Watson and associates' reviewed 993 cases seen at Memorial Center in New 
York and found only a 2 per cent over-all 5 year survival rate. The cause for 
low salvage rate for patients with this disease is due to several reasons. Many 
times it is due to failure of the patient to consult his physician at the onset of 
trouble. In other instances, it is due to the physician’s failure to study 
thoroughly and diagnose the case. A vital factor, however, is the problem of 
insufficient resection which results in incomplete removal of the esophagus and 
its metastatic extensions. Scanlon, Morton, Walker, and Watson® have pointed 
out that carcinoma of the esophagus frequently extends through the submucosal 
lymphatics, beyond the gross limits of tumor, and in a group of 79 patients 
who had esophagectomy, 45.6 per cent had inadequate removal of the esophagus 
because tumor was present in the edge of the specimen or in submucosal 
lymphatics in that area. 

The only answer to the above defieienc}'^ lies in total esophagectomy similar 
to the Torek procedure. By utilizing this principle, and using the colon to re¬ 
place the esophagus as an esophagocologastrostomy, one can do a more thorough 
operation for cancer. It also provides excellent palliation for incurable cases and, 
if done in two stages, the procedure is clinically safe. 

We have utilized the above-mentioned principle in 13 eases of carcinoma of 
the esophagus or upper stomach. In 5 of the 13 eases, at the time of thoracotomy, 
the lesion was found to be nonreseetable so esophagocologastrostomy was done 
as a palliative procedure. Two deaths resulted after attempts to do esopha¬ 
gocologastrostomy and esophagectomy as one-stage procedures. These deaths 
precipitated our decision to adopt the two-stage operation because usually the 
poor condition of the patient will not permit the entire procedure to be done 
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at one time with leasoiiable safety Esophagocologastiostomy and icscction in 
two stages liave been completed in 3 patients A biief summai'j of om total 
expexience follows 

REPORT OF CVSES 

Case 1—(JGII278877 ) C F, a wouiiii 56 years of age, was admitted on Julj 
U, 19o0, because of dysphagia Roentgenograms disclosed an obstructing lesion in the mid 
csopJiagus, nnd the spetimcn taken for biopsy through the csophagoscope -showLd squamous 
cell caiciuoma Esophagocologastrostoniy and resection of the entire esophagus ivas done 
in one stage, utilizing tno surgical teams Regardless of treatment, the patient -ncut into 
sliock and died on the second da> following surgical ln^e^^entlon 

Permission ^vas not given for necropsy 

Case 2—(BMH 235036 ) P B, a 59year old woimn, i\as admitted on Dec 7, 1956, 
with a complaint of dysphagia An epidermoid carcinoma of the esophagus Jiad been diag 
nosed in 1955, roentgen theiipy iiad been given aud gastrostomy done She ipp ircntlv 
responded well to roentgen therapy but could not swallow On Dec 21, 1956, an esophago 
cologastrostomy was done, tho colon was brought into the ncik through a retrosteruil tunnel 
The patient recovered and was able to take a regular diet for 2 jears She died 26 months 
after surger> 

CvsE 3—(BMH 238220 ) R B, a man 42 years of age, was admitted on Jan 8, 1957, 
complaining of tliroat paiu of 2 months’ duration Roentgen studj revealed a tumor in the 
distal esophagus Ilua was confirmed by esophagoscopy, and biops>j showed the tumor was 
an adeuocaicinoma 

Surgical evploratiou revealed in extensive tumor involvuig the lower esophagus and 
upper stomach Esophagogastrectoniy and csophagocologastrostomy were done with the colon 
brought through tho esophageal hiatus, and tho esophagocolic anastomosis was made high 
within the thorax 

The patient recovered from tho operation, but he had a difficult postoperative course 
which was marked bj developmeut of locabzed enipvema This patient died 10 months later, 
but during that penod he had no difficulty eating his food 

C\SF 1 —(BMH 257618 ) J T , a 78 jear old woman, was admitted July 15, 1957, with 
a history of progressive djsphagia of 6 weeks’ duration The patient was found to have 
carcinoma of the cardia involving the lower esophagus At surgical exploration, the lesion 
was found to be nonreseetable so an esopliogocologastrostomy was done with the colon brought 
into a retrosternal position 

Tho patient died of cardiac complications on the ninth daj following the operation 

Case 5—(JGH 295983 ) N W, a woman 49 jears of ago, was admitted on Aug 12, 
1957, complaining of progressive djsphagia Studies revealed a squamous cell c ircinoma 
of the upper and middle esophagus 

A one stage total e‘»ophagoctomj and csopliagocologastrostomy were earned out with 
the colon brought into the neck through a ictrostenial tunnel The patient seemed to tolerate 
the procedure well but suddenly went into progressive shock and died on. the second post 
operative day 

Permission for necropsj w-is refused 

Case 6 —(JGH 296007 ) T M, a man 58 years of age, was adnutted on Vug 26, 1957, 
complammg of dysphagia of one month’s duration Studies confirmed a diagnosis of 
squamous cell carcinoma of tlie upper f»opliagus 

This patient was operated on in two stages At the first stage, an esophagocologas 
trostomy was done with tlio colon brought into tin nti k retrosternallj Tho patient Jiud 
some temporarj anorexi i but was taking a soft diet bj tho twelfth postoperative day 
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One month after the first stage operation, a total esophagectomy was done. He was 
dismissed in good condition on the eighth day and was taking a regular diet. 

Cobalt teletherapy was given postoperatively. 

The patient died 7 months later. He was able to eat without diiliculty, but durin" 
the last month of his life he developed anorexia. ° 

Gasp: 7. (JGlI-132966.) E. S., a 49-ycar-old man, was admitted on Aug. 8, 1957, 

with a chief complaint of progressive dysphagia. Studies revealed that he had a squamous¬ 
cell carcinoma of the middle esophagus. 



A. B. 

Fiff. 1 —Case 9 A, Preoperative esophagogram .showing constrictive lesion at the Junc¬ 
tion of the mitldle and lower thirds of the e.sophagu3. 

B, Postoperative view of the substernal coion. Emptying was so rapid the picture 
resembie.s an air contrast enema. 

As a first stage surgical operation, an esopiiagocologastrostomy was done, and the colon 
was brought into the neck through a rctrostenial tunnel. Two weeks after tliis jirocedure, 
a total esojihagectomy and repair of an inguinal hernia were done. When the patient was 
discharged 9 days later he was able to eat a regular diet. 

He received cobalt telethorapy later and, when last seen 7 months after his hospital 
dismissal, ho was doing well and had gamed fourteen pounds. 

Case 8.—-(JGH-92928.) W. B., a 57-year-old man, was admitted in August, 1957, 

complaining of cougli on deglutition. He was found to have carcinoma of the esophagus 










Vo! 38 No 3 
September, 1959 


TREA.TMENT OP GARCINORLV OP ESOPHAGUS 


377 


with a malignant traclieotJ&opliageal fistula A Levin tube was placed into the stomach and 
the patient was disimssed. 

He was readmitted on Sept 29, 1957, and a palliative esophagocologastrostomy was 
done He did well foi one week and was eating a regular diet when a fistula developed at 
the esophagocolic anastomosis An unsuccesstul attempt was made to close tins fistula so 
a gastrostomy was done He was last observed m January, 195S, and was doing poorly. 

Case 9—(BMH 275132 ) If. G, a man aged 59, was admitted with a complaint of 
dysphagia of 3 months’ duration Studies revealed a carcinoma of the middle esophagus 
(Pig 1, J) 

An csopluigocologastiostoiuy was done as a first stage opeiatioa (Fig 1, B) and his 
recovery was uneventful except for a «iuall fistula in the neck which closed in 3 days The 
patient was able to eat well and insisted on returning home 3 weeks after surgerj 

He returned one month later; a thoracotomy was done, but his lesion was noiirescctable. 

Cobalt therapy was given. The patient died 10 months htei, but he was able to eat 
until the time of Ins deatli. 



A B 

FifT -*—Case 12 A, Dsophagofrram showing a large lesion in the nilddlo tlilid of llio 
esophagus 

B, Postoperative esophagocologram showing free passage of barium through the anasto¬ 
mosis and colon 

Case 10—(BMH 27110b ) "W S, a man. 06 years of age, was admitted on Nov. 18, 
2957, complaining of djsphagia of 4 montlis* duration Studies revealed a squamous coll 
carcinoma in the upper esophagus 

The patient had an esophagocologastrostomy performed on Nov 25, 1957, when the 
colon was brought up into the neck through a retrosternal tunnel. 

A subsequent separation of tlio abdomin.il wound was resutured on Dec. 5, 1957 

On Dec 18, 1957, a thoiacotomj proved the lesion wa'> iionresect.iblc. Tlie patient was 
dischirged on a soft diet and was eating well Tlie pitunt w.is still living at follow up in 
November, 1958 
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Case 11. (JGH-307878.) E. W., a woman 52 years of age, was admitted with a 

chief complaint of dysphagia of one month’s duration. She was found to have a squamous¬ 
cell carcinoma of the middle esophagus. This patient was also found to have bilateral 
arteriosclerotic obstruction of the carotid arteries. 

Bilateral carotid endarterectomy was done first, and one month later an esophagocolo- 
gastrostoniy was done. The patient died 3 weeks later. The necropsy revealed multiple 
cerebral infarcts to be the cause of death. 

Case 12. (JGII-254278.) W. K., a man 67 years of age, was admitted on Jan. 3, 
1958, with a complaint of dysphagia of 2 months’ duration. Studies revealed a squamous¬ 
cell carcinoma of the middle esophagus (Fig. 2, A). 

On Jan. 16, 1958, he had an esophagocologastrostomy (Fig. 2, B) and tliis was fol¬ 
lowed by a total esophagectomy on Feb. 6, 1958. He recovered from these procedures and 
was dismissed from the hospital on Feb. 29, 1958. 

He was readmitted on June 27, 1958, with a complaint of nausea and vomiting, and 
roentgenogram showed gastric retention. A gastroenterostomy was done and he recovered 
satisfactorily. 

He was last seen on Aug. 1, 1958, at which time he was eating a regular diet and had 
gained three pounds. 

Case 13.—(BMH-286387.) S. IV., a man aged 65, was admitted on April 13, 1958, 
with a complaint of dysphagia which he had had for 3 montlis. Studies revealed an adeno¬ 
carcinoma of the esophagogastric junction. 

On April 23, 1958, an esophagocologastrostomy, along witli a pyloroplasty and gas¬ 
trostomy, were performed. When he had a thoriicotomy 2 weeks after those procedures, the 
esophagogastric junction was resected but a tracheotomy was necessary in the immediate 
period following operation because of excessive tracheal secretions. Tlie patient recovered 
and was dismissed on June 15, 1958, at which time he was taking a soft diet. He died 7 
months later of carcinomatosis. 

TECHNIQUE 

We have abandoned the one-stage total esophagectomy and esophagocolo¬ 
gastrostomy for treatment of carcinoma of the esophagus, and now prefer to do 
an esophagocologastrostomy as the first stage surgical operation and a total 
esophagectomy as the second stage. The esophagectomy can usually be done 
within 2 weeks after the first stage has been done. The technique of the first 
stage procedure follows. 

The patient is admitted to the hospital a few days before he is to have 
operation, and the colon is cleansed by enemas and purgatives; it is sterilized 
by Neomycin and one of the nonabsorbable sulfa drugs. 

At operation, the patient is placed in the supine po.sition, and a long, 
midline incision is made. The right colon is mobilized and an appendectomy 
is done. The ileocolic and right colic vessels are divided, care being taken to 
preserve the marginal vessels and middle colic vessels. The colon is divided 
in its transverse portion to the left of the midline, and the ileum is divided at the 
ileocecal junction and the distal ileum is closed by invei-sion. This is followed 
by an ileotransverse colostomy, and Avhen this anastomosis is begun, a second 
team of surgeons begins its procedure in the neck. 

An incision is made along the inner margin of the sternomastoid muscle 
on the left side; the ceiwical esophagus is mobilized and divided just above 
the thoracic inlet, and the distal portion is inverted, closed, and allowed to drop 
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back into the mediastinum A letiosteinal tunnel is then de\eloped b\ bhmt 
dissection with the fingeis, eaie being tilten so the pleura will not be toin On 
occasion we have resected the medial end of the clavicle to enlaige the thoiaeie 
inlet The icfiosteinal tunnel is developed simiiItancousl 3 fioin the abdominal 
end bj' aiiotliei team of suigcoiis until a space is obtained fioiii neck to abdomen 
which will admit tlie colon without tension oi comiiiession The colon, eeeum 
fiist, IS then passed behind the stomach, into the tunnel, and into the neek It 
IS usually necessan to both gentlj push and pull the colon thiougli the tiumel, 
and a long thread in the cecal end is pulled fiom above, thus assisting the pas 
sage of the bowel The cecum is then anastomosed to the esophagus using in 
terrupted silk sutuies in two layers, and the anastomosis of the distal colon 
into the antcnoi wall of the stomach is placed as high as is teclmicalh feasible 
A pyloroplasty oi pyloionijotomj is then done A Levin tube may be passed 
through the colon, but since this is faiily difficult to accomplish, ue usuallj 
have eliminated a tube eomplctelj oi insetted one thiougli a gastiostoinj 

The patient is allowed to have suigical liquids on the third or fourth day 
following opeiation and, i£ his piogiess is satisfactory, he is given a soft diet 
Ill one week 

The second stage of the opeiativc proceduic uivolves lesection of the ontiie 
esophagus from the pteviously closed ccrvieoniediastinal poitioii dovMi to the 
esophagogastiio junotion This is thiougli a light thoiacotomy incision in the 
fifth 01 sixth interspaeo depending upon the level of the lesion The esopha 
geetomy is usually quite easy, atiaiuiiatic foi the patient, and can be done 
111 an hoiu oi less The patient usuallj^ can be dismissed about 6 to 8 days aftei 
this stage 

lIOItTVUTY VND COMPLIC VTIONS 

Two of oul patients who had one stage pioceduies developed shock after 
operation and died Tins caused us to stage tlie procedure, and we have liad 
no otliei patient develop tins coniiilication One patient developed eaidiac 
failure and died Anothei patient who died had esophagocologastiostomy sub 
sequent to bilateial caiotid eudartciectomies Necropsy deteimined that this 
patient had multiple ceiebial mtaicts We believe tint in this ease the com 
plications properly should be ascribed to the pievious carotid ai-teij' siugoij 

Two patients each developed an esophageal fistula in the neck One fistula 
closed piomptly, but the othei failed to close ind lesulted in faihiic of the 
operation 

Othei complications encouiiteicd vvcie localized enipj ema in one case, wound 
sepaiation in one case, excess tiacheal sccietioiis necessitating tiacheotomj 
in one case and late pvdoiic obstruction in one case 

DISCUSSION 

Numeious methods have been used to leplace or substitute for the esophagus 
aftci esophagectomy, but all methods have had their limitations and und 
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features. Until recently the most commonly used method of esophageal sub¬ 
stitution was the use of the stomach Avhich was mobilized and drawn up into 
the chest. The major disadvantage of this method was the re.sultant peptic 
esophagitis in about 60 per cent of the eases. 

Regurgitation and anorexia are additional problems to cope with after 
esophagogastrostomy. The higher the lesion is located in the esophagus, the 
greater becomes the problem of inadequate blood supply, and the greater the 
risk of surgical mortality. 

The use of jejunal loops is attended by high incidence of difficulties 
with blood supply and, if the anastomosis is in the thoracic cavity, the mortality 
is high. 

The construction of skin tubes and similar procediu’es has never become 
popular because of the time, expense, and numerous operations necessaiy to 
carry a case to completion. 

Kelling^ and Vulliet,'* in 1911, working independently, apparently were 
the first to utilize the colon as an esophageal substitute. Von Haekei’,® in 
1914, and Roith,® in 1923, reported cases in which the colon was used as a 
substitute for the esophagus. 

OchsneU reviewed the literatm^e fi’om 1911 to 1934 and found 20 cases 
of subcutaneous colon transplants. This type of operation did not become 
popular until improved colon sterilization became possible, but in the past 
5 years, numerous eases have been reported in the literature. This procedure 
lends itself to eases of esophageal atresia, esophageal stricture, esophageal 
obstruction due to malignancy, and to cases requiring esophageal resection. 
The transplantation may be accomplished by employing the right and trans¬ 
verse colon, the transverse colon alone, or the left colon. The colon may be 
brought into the thorax via the esophageal hiatus, through a separate opening 
in the diaphragm, or through a retrosternal or subcutaneous tunnel. Advantages 
of using the colon in this manner follow. 

1. The blood supply of the colon usually allows one to mobilize a sufficient 
length to reach the pharynx and still have adequate circulation to the distal 
end. This makes it superior to the jejunum as a replacement part because the 
blood supply of the jejunum is often not sufficient to allow one to mobilize a 
long segment. 

2. The colon is apparently resistant to acid peptic digestion. Ivy,® 
Wangensteen,® and others have shown that the colon’s resistance to gastric 
secretion is greater than that of the jejunum or the esophagus. In approximately 
75 cases of esophagoeologastrostomy which we have found reported in the 
literature, or have knowledge of, there has been only one in which marginal 
ulceration has oceuri’ed.^® This is in contrast to cases in which the stomach 
is anastomosed to the esophagus and in which nearly 60 per cent develop acid 
peptic esophagitis.^’^ 

3. The use of the colon has another advantage in that the stomach remains 
in its normal location, performing its normal function as a reseivoii, and not 
functioning as a transit tube. We believe this is the reason why the patient 
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who has had esophagocologastiostomy has fewer digesti\e distuihances and 
bettei. nutijtion than the patient who has had esophagogastiostomy AVe have 
foimulated our impression fiom e\peiicnce gatheied fioin 20 cases of esopha- 
gocologastiostomy wJiicli weie done ioi various conditions 

AVith the use of the colon as icplaceiiicnt for the esopliagus, in neaily all 
cases, one is able to bnng the colon to the neck, and thus an anastomosis can 
he made in the neck instead of m the chest If leakage should occur, only a small 
local abscess and/oi fistula develops in the neck Howcvci, if anastomosis 
IS made in the eliest and leakage occiu's, cmpjema and seveie sepsis can lesiilt 
and this tomplicatioii caiiies a high moitabty late AYo teel that in most cases 
the colon should be biought thiough a letiostoinal tunnel into the neck and 
an.istomosis made there instead ol in the intrapleiiial space 

The oiiginal Toiek opeiation which lemoves the esophagus and leaves an 
esophagial fistula and gastrostomj is the moie satisfactoiy opeiation foi 
esophageal cancel than any since desciibcd because it piovides foi a wide 
leseetion ot the esophagus The disadvantage ot esophageal fistula and 
gastiostomy now is collected leadily by csophngocologastiostomy Scanlon, 
Jloiton, AValkei, and AVatson have icecntly advocated letuin to the Toick pio 
ctdme, and we concur with them 

AA’e have chosen to do the csophagocologastiostomy as the fiist stage pio 
eeduie instead of fiist resecting the esophagus AVe made this choice because we 
have obseivcd that in most eases ot caiciuoina of the esophagus, the uutiition 
of the patient is veij pool, and this best can be collected by lurnishing the 
patient a loute foi swallowing lathci than by gastiostomy Second, in manv 
instances, esophagocologastiostomy is palliative, and we feel it would bo difficult 
to eonviiioe patients that a second inajoi opeiation must be done aftoi finding 
a noniesoetable lesion at thoiacotoniy' as the hist stage 

Theoretically, one fiist should icmovc the neoplasm and delay leeon 
stiuction until latei, however, we feel that the 2 week delay between stages 
does not lesiiIt in significant incieascd metastases oi shoitened patient suivivals 
One of the disadvantages of ticatmeiit by loentgen theiapy in the past 
has been the eomplication of stiietiire in the area of the neoplasm AYe hope 
that eicating a channel ioi deglutition in an aiea far removed fiom the lesion 
being tieated will allow more intensive roentgen tieatment foi patients with 
uomeseotable lesions More intensive ticqtment should also bo possible foi 
those leceiving tieatment aftei lescction Only more expoiienco and observa¬ 
tion will teach ns if this is an advantage 

results 

The lesults in oui senes of 13 cases aic listed in Table I 
Pom patients died in the postopeiative penod Two of those died of shock 
111 1 because of tins oxpetionce, we have abandoned the use of the single stage 
(s j h igocologastiostomy and esophagectomy One patient died ot caidiac 
t III in and one of cerebral infarction 
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Although our mortality rate is high, blame, in part, can be laid to the fact 
that manj'' of these patients are poor risks due to malnutrition, vitamin de¬ 
ficiency, and similar conditions. Also, one expects some higher degree of 
morbidity and mortality when performing a new type of procedure. We feel 
that staging the procedures and more operating experience will decrease our 
operative mortality and morbidity. This has been true in our more recent 
experience. 


Table I 


CASE 

1 LOCATION OF LESION 

1 PROCEDURE 

1 RESULTS 

1 

Mid-e-sophagus 

Esophagocologastrostomy 
and resection in one 
stage 

Postoperative death 

2 

Upper esophagus 

Esophagocologastrostomy 
and roentgen therapy 

Lived 26 months 

3 

Low esophagus and 
stomach 

Esophagocologastrostomy 
and resection in one 
stage 

Lived 10 months 

4 

Low esophagus and 
stomach 

Esophagocologastrostomy 

Postoperative death 

5 

Upper esophagus 

Esophagocologastrostomy 
and resection in one 
stage 

Postoperative death 

6 

Upper esophagus 

Esophagocologastrostomy 
and resection in two 
stages 

Lived 7 months 

7 

Middle esophagus 

Esophagocologastrostomy 
and resection in two 
stages 

Alive and eating well 

8 

Middle esophagus with 
tracheoesophageal 
fistula 

Esophagocologastrostomy 

Unimproved due to cervi¬ 
cal fistula 

9 

10 

Middle esophagus 

Upper esophagus 

Esophagocologastrostomy 
and roentgen therapy; 
lesion nonresectable at 
thoracotomy 

Esophagocologastrostomy; 
lesion nonresectable at 
second stage 

Lived 10 months 

Living 1 year later 

11 

Middle esophagus 

Esophagocologastrostomy 

Postoperative death (cere¬ 
bral infarction) 

12 

Lower esophagus 

Esophagocologastrostomy 
and resection in two 
stages 

Alive and eating well 7 
months postoperative 

13 

Lower esophagus and 
upper stomach 

Esophagocologastrostomy 
and resection (pallia¬ 
tive) in two stages 

Lived 7 months 


SUililARY 

1. Because of submucosal extension of carcinoma of the esophagus, many 
patients who have had .subtotal esophagectomy have had inadequate re.section. 

2. The Torek procedure, combined with reconstruction, utilizing the right 
and transverse colon, in suitable cases, offers a better operation for cancer. 
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3 In iionitsectable cases, csopliagocologastiostoni}' icsults m the best 
palliation -we have obseived v\ith leiereiice to s\vaIlo^vlng, weight gain, and 
lieedoni fiom undesiiable side effects 

4 The use of the colon in esophagopIjst> ue believe, is piefeiable to the 
use of the stomach oi lejunuin 

5 Eleven cases ol caiLinoina ot the esophagus and 2 cases of caicinonia ot 
the csophagogastiic junction have been tieated bv csophagocologastiostomy com 
billed with leseotion 

6 Foiu of the afoiementioued patients died in the immediate ptiiod follow 
mg suigical opeiation, 2 developed csophagoeutancous fistulas, one of vvhicli 
closed m 3 dajs Othei complications weie leveisible and vveie collected 

7 The patients who suivived the opciative pioceduies obtained evcellent 
palliation, and we believe that the patients who have had lesection have a 
bettei chance foi a cancel cuie 
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THE RELATION OE ANTECEDENT TUBERCULOSIS TO 

BRONCHOGENIC CARCINOMA 

A Study of the Tuberculin Test, Radiologic and Pathologic Evidences 

E. C. Aleyer, AI.D.* J. H. Scatliff, M.D., and G. E. Lindskog, M.D., 

New Haven, Conn. 

S INCE the fii-st description of coexistent bronchogenic carcinoma and pul¬ 
monary tuberculosis by Bayle in 1810/ tliere have been several intei’preta- 
tions regarding the association of these two diseases. Interest in this problem 
has been stimulated by the recognized increase of bronchogenic carcinoma and 
the search for an etiologic agent. In an attempt to investigate further the 
possible connection between the two diseases, this present study was begun. A 
series of patients with primary bronchogenic carcinoma was compared with a 
control group with respect to the tuberculin skin test. This same group was 
studied radiologieally to determine how often the calcified, primary tuberculous 
complex was associated anatomically with tumor; and both lesions were classified 
as to segmental location. This segmental localization of bronchogenic carcinoma 
was confirmed by the examination of an additional series of resected pulmonary 
carcinomas and, in a portion of these, a search Avas made for both calcified and 
noncalcified tuberculous foci. 

Although Bayle usually is credited Avith the first documentation of these 
tAvo diseases in the same patient, he used the term “phthisic,” Avithout pathologic 
proof, to describe a clinical state. Therefore, Penard,^ in 1846, may have re¬ 
ported the first case of coexistent bronchogenic carcinoma and puhnonarj^ 
tuberculosis. Since then, besides individual case reports, the literature has been 
concerned Avith three general theories: that tuberculosis and carcinoma are 
(1) antagonistic, (2) related coincidentally, and (3) definitely associated. 

Antagonism .— ^Rokitansky,® in 1854, stated that the tAvo diseases Avere 
antagonists since neither seemed to affect the same organs. The problem Avas 
analyzed statistically by Pearl,^ in 1929, Avith a study of 6,670 postmortem 
records from the Johns Hopkins Hospital. In 816 autopsies of patients dying 
from a malignancy, 6.6 per cent had associated tuberculosis, as opposed to 
16.3 per cent in the same number of persons dying Horn diseases other than a 
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malignancy Conveisely, 1 2 poi tent of SS6 autopsies on pei-sons dying fioin 
tubeicnlosis had a eancei as opposed to 913 pei cent in tlie same numhei djuig 
fioni diseases othei than tubeicnlosis He supported Rokitansky’s \ie\\. and 
e\en suggested tieatnig caicinoma uith iptiogenic tubeicnlosis In tlie same 
year, Cailson and Bell'’ challenged Peail’s iiiteipietafion since patients usually 
liaie only one majoi disease theie mast be more cases of tubeicnlosis among 
patients ivithout cancel (including tubeicnlosis as a disease gionp) than in 
those with eancei Then, iii addition to veiifying Peail’s statistics, thei also 
noted that healed tubeieiilous lesions weie found uith appioMinatcl} the same 
fiequency in patients with cancel, active tubeicnlosis, and lieait disease (as an 
aibitiaiy contiol group) Huepei" leiicued the pievious liteiatiiie and came 
to the conclusion that the two diseases weie antagonistic, notwithstanding 
Cailson and Bell’s conclusions Recently, Desmueles' has repoited the laiity, in 
his expeiience, of associated ptilmonaiy tubeicnlosis and bionehogcuic eai 
ciiioma 

Coinctdeuce —In 1932, Coopoi* summaiized the pievious liteiatuie, and 
lepoitcd 24 cases of coesistent diseases Ho concluded that “neailj all obsei’veis 
aio agieed that healed tubeieulous lesions aie found with equal fiequenes m 
cases ivith caicinoma and iii cases mthout caicinoma Theiefoie, appaiently, 
a latent tuberculous mfcelion is without bcaiing on the dei elopmeiit of malig 
nant tumoi’s ” Ho also felt that the same uas tiue of actne tiibeieulosis 
Bailiei, Iloffiiian-' lepoited that he eould find no association and, in 193S, 
1101111311“ lemaiked “ usually tlieic is no osidenco ot anatomie lelationship 
betueeii the t«o pioeesses, and more often than not the tubeieulous lesions aio 
ontiielv inactive ” Stoiu“ expicssed the same opinion but piesented no data 
DiMnalski'" lepoited that in 15 (20 pci cent) of 56 cases of bionobogenic lai 
eiiioma tlioie ueie aeid fast bacteiia on sputum analysis, but on pathologic 
esainination only one thud of these demoiistiated active tuberculosis In one 
half, no demonstiable tubeieulous focus could bo identified othoi than calcified 
nodes lie concluded that the association of the two diseases uas fortuitous 
since he believed 10 to 20 pei cent of adults dying of causes othei than 
caicinoma of the lung have acid fast bacteiia in the sputum, and appioxi 
mately 5 to 10 per cent of the population of the United States liaiboi liinig 
tubeicle bacilli 

Definite Association —In 1919, Biodeis“ suimnaii/ed all the available 
liteiatuie and found that the two diseases weie associated ni 16 3 pei cent He 
felt the facts did not support Rokitansky and suggested that pathologists u ei c 
not seaichmg specifically foi healed tubeieulous foci Uuiiig, in 1928, stated 
that tubeicnlosis was the chief etiologic factoi in bionchogenic caiemoma, but 
later modified that view (1940) “ Baiion*” ineiiminated old tubeieulous sears 
and cavities as preeaiicei ous lesions, and Pned supported this opuiion He 
lepoited that 10 pel cent of puliiionaiy carcinomas iveie associated with tubei- 
culosis'” and, in a piesentation of 13 cases,” named the pioliferation of 
bioiichial epithelium into tubeieulous cavities as the escitiiig cause of cai- 
cinoina In lus opinion, old seal's weie invaded secondarily Robbins,” quoting 
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unpublished data, reported that 5 per cent of 100 bronchogenic carcinomas at 
autopsy were associated with active tuberculosis and, in presenting 11 cases, 
found only 2 in which the tumor arose from an old fibroeaseous focus. In the 
lemaining specimens, the tuberculous foci were either distal to the neoplasm or 
far removed fi’om it. The view that carcinoma activates previous tuberculous 
lesions has been supported by Nuessle,^® whereas the opposite view has been 
stressed by Woodruff,-® who, in 67 eases, studied the anatomic relationship 
between pulmonary carcinomas and calcified nodules. The association was con¬ 
sidered significant if the nodule was (1) greater than 4 mm. in size, (2) in the 
same lobe or l^miph nodes draining the same lobe as the tumor, and (3) larger 
than any other nodules in the opposite lung. With the use of ante- and post¬ 
mortem x-rays he noted that 79 per cent of epidermoid, 60 per cent of ana¬ 
plastic, and 17 per cent of adenocarcinomas were associated closely with calcified 
nodules. He pointed out that the possible etiologie factors secondary to tuber- 
ciTlosis could be bronchial irritation by calcified lymph nodes, pai’enchymal 
scarring bj^ a healed focus, local bi’onchiectasis aiding the localization of tars 
from cigarette smoke, and the carcinogenic activity of cholesterol frequently 
seen in healed foci. Schwartz-^ believes that tuberculosis is the chief etiologie 
factor in bronchogenic carcinoma. In a pathologic study, he has found caz'- 
cinomas related to bronchial scars presumably the result of tuberculous 
bronchitis or adenitis. Certainly tuberculous nodes can affect adjacent bronchi, 
and Haggenmuller-- has reported that, in 8.7 per cent of 987 cases of thoracic 
lymph node tuberculosis, thez’e were radiologic signs of atelectasis secondaiy 
to bronchial compression or obstruction. The tubercle bacillus has been cited as 
causing carcinoma in mice in a .single experimental study.-® Cruickshank®' has 
shown statistically that the distribution of tuberculosis closely follows that of 
bronchogenic carcinoma in adjacent population areas in England. Westergren“® 
recently reported that 33 per cent of 100 cases of bronchogenic carcinoma de¬ 
veloped in a part of the lung which had been previously the site of a tuberculous 
process. In 11 cases there was the possibility of direct association. 

Minute peripheral tumors have been described by several investigators. 
Eaeburn®® found small, asymptomatic, malignant tumors adjacent to lung sears. 
He believes many carcinomas have a bronchiolar origin arising as malignant 
change in reparative bronchiolar hyperplasia. This has been noted to occur in 
association with scars of healed tuberculosis, infarcts, and foreign bodies among 
others. This epithelial change has been termed “benign atypical proliferation” 
by some authors®' although there are 3 cases of proved lymph node metastases.®® 
Eaeburn has demonstrated the early spread of cancer from these peripheral 
growths to regional Ijnnph nodes and lobar bronchi, thereby appearing primary 
in these hilar structures. Prior and Jones®® have described minute peripheral 
tumors, one associated with a healed tuberculous scar. James and Pagel®^ de¬ 
scribed 2 cases of superior sulcus tumors arising from calcified apical plaques. 
Other observers have reported microscopic foci of tumor cells in the peri¬ 
bronchial fibrosis accompanying bronchiectasis.®® These have resembled oat cell 
tumors, quite distinct from the bronchial squamous metaplasia associated with 
bronchiectasis, which has been sho^vn rarely to cause carcinoma.®® In these 
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collected studies, the malignant natnie of the tumois is not iiell established 
Theie is an undeniable iniplication, houevei’, that tubeieiilosis, among othei 
seal iJioduciiig faetois, niaj e\eite the foiuiation of some pulmonnij cii ciiioinas 

The piesent stud^ mav be divided into seveial paits (1) tubeiciilin 
studies of coinpaiablo gioups iiith concomitant ladiologie seaich foi eiideiiee 
of tubeiculous lesions, (2) pathologic studies of the suigically lesected tumois 
in the caieinoma tubeieuliii test gioup, and finalli (3) pathologic studies of an 
ancillair and umelated gioup of siugicalh leslcted pulmonaiv caieinonias 

I TUBFliCULIN sa UDirs 

Metliods —One hundied eoiiseeutiio case histones of bionehogenio eai 
cinoiiia weie leiiewed in which the tubeieulin skin tests had been lepoited 
on the clinical iccoid Included in the data collected for each patient iieie the 
age, sex, smoking habit, past histoij ot tubeiculous contact oi infection, and 
the histologic tjTio ot eaieinonia and its opeiabilitj The tiiiiiois iicie dnided 
into the usual tom gioups opideimoid (including diffeientiated and iin 
diffeientiated foiins), adenoeaicinoma, anaplastic, and bioiicliiolai caicinoina 
The diagnoses iieio made on icsected tissue, node oi tiimoi biopsies, oi ojtologio 
examination of the sputum 

Tubeieulin skin tests, using puiificd piotein dornatne (PPD),* weie 
given to one hundied males in the same gcneial ago gioups as those viith 
bionchogcmt eaicmoma This contiol gioup consisted of inpatients on the 
suigical seivico of New Haven Hospital, and no note was made of the specific 
diagnosis in each ease No patient, hovvevci, had active tubeiculosis oi known 
bioneliogeiiic eaieinonia at the tune of testing Iniections weie made intia 
eutaneoiisly on the flexor siufacc of the foicaims, using 0 00002 mg Befeienee 
PPD as the (list stiength Second stiength dosage (0 005 ing Kefeieiice PPD) 
was admniisteied when the fiist stiength elicited no leaction The icaction 
was classified as positive when there was one centiiiietei oi moie iiiduiation and 
eiythema at the site of iiijeetion The smoking histoiy was based only on 
whcthei 01 not the patient had smoked cigaiettes lathei than the degiee of 
smoking Positive tubeiculosis histones weie based on jiioved infection and not 
“pleiiiisv,” “consumption,” and the like 


Table I 



cavcJ It 
(IOUP 1 

i%) 1 

CONTROL 

GROUI 

i%) 

Positive PPD 

95 

60 

Previous knomi contact with tuberculosis 

20 

11 

Previous clinical tuberculous infettion 

j 

3 

Cigarette smokers 

SO 

77 


Results —Ninety five pei cent of the eaieiuoma gioup had positne tuber 
culm leactioiis as opposed to 80 pei cent of the contiol Theie was a gieitei 
corielation between bionchogeiiic caieinoma and the positive tiibeiciiliii leaction 
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than with cigarette smoking. Eighty-six per cent of the carcinoma gi’oup and 
77 per cent of the control group were smokers (Table I). For statistical 
analysis of the tuberenlin reactions in both groups, the chi squai’e test was 
applied. The result (y = 10.29) demonstrated significance well beyond the 
0.01 level; this result would be obtained by chance much less frequently than 
one time in a hundred (p < 0.01). 

The control and carcinoma groups had similar decade distributions (Table 
II). The mean ages were essentially identical: 60.7 years for the control, and 
60.1 years for the carcinoma groups. The number of negative reactors in each 
decade in the control group was fairly constant (Table III). The 5 eases in 
the carcinoma group with negative tuberculin skin tests were composed of the 
following; 2 were in the eighth decade,®®* and 2 in the sixth decade without 
contact histories of tuberculosis. The final case was in the fifth decade and 
had an extensive family and contact histmy of tuberculosis. All but one were 
cigarette smokers. It should be noted that testing in the carcinoma group was 
done by various contemporary, unselected members of the house staff at this 
hospital rather than by a single individual as in the control group. The eiTor 
in obseiwation in the carcinoma gi'oup, if any, showed favor for a higher number 
of negative reactors since Ghon complexes were demonstrable radiologieally in 
2 of the 5 patients who had negative tubei’culin skin tests (see Section II). 


Table II. Tobekcdlin Skin Test 



NUMBER 

OF PATIENTS 

DECADE 

C/VRCINOMA GROUP 

1 CONTROL GROUP 

3-4 

3 

4 

4-5 

10 

13 

5-6 

30 

30 

6-7 

36 

45 

7-8 

21 

8 

Totals 

100 

100 


Table III. Tuberculin Tests (Control Group) 

DISTRIBUTION OP NEGATIVE REACTORS 



NUMBER OF 

DECADE 

NEGATIVE REACTORS 

4-5 

2 

5-6 

5 

6-7 

7 

7-8 

6 


Of the carcinoma group there were 50 epidermoid, 24 anaplastic, 15 adeno-, 
and 2 bronchiolar carcinomas. Nine had no definite tissue type diagnosis; 7 of 
these were inoperable and 2 had negative biopsies on exploration. The subse¬ 
quent lethal course, however, favored the diagnosis of bronchogenic carcinoma. 

II. RADIOLOGIC STUDIES 

Having found that 95 per cent of patients with bronchogenic carcinoma 
had had a previous tuberculous infection as demonstrated by the positive 
tuberculin skin test, an attempt was made to determine if there was anatomic 
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and radiologic association between tumor and tnbei'culous focus. Association 
was defined as positive when both lesions occupied the same pulmonary seg¬ 
ment, or when a hilar tumor had adjacent tuberculous lymph nodes. The 
study was carried out on the above 100 cases of bronchogenic carcinoma, and 
involved a topographical classification of the tuberculous lesions and tumors 
according to pulmonaiy segments. ■ 

Sletliods .—Chest films were available in all the carcinoma-tuberculin test 
group. In most instances, these included planigrams as well as standard pro¬ 
jections. Primary tuberculous foci were defined as isolated or mtdtiple areas of 
discrete calcification in the lung fields, with or wdthout hilar calcification. The 
latter when seen alone was considered paid of the primaiy complex. It was 
realized that the differentiation between calcified tuberculous and other 
granulomatous foci is impossible on radiologic grounds. Secondary tuberculous 
infection was identified as unilateral or bilateral, fibrous or fibrocaleific densities 
localized to the upper lung fields, under the supposition that 90 per cent of re¬ 
infection tuberculosis occurs in the apices. It was appreciated that other non- 
tuberculous pneumonic processes may have i-esidual apical fibrosis in isolated 
instances. 

An attempt was made on the basis of the x-ray studies to place the tumoi’s 
in the usual ten puhnonary segments or the major bronchi. In tabulating the 
results, the lingula was considered as the left middle lobe. Some difficulty was 
encountered in the placement of large neoplasms uivolving the entire upper 
lobes. These were classified as “upper lobe unspecified." No similar difficulty 
was noted with middle or lower lobe tumors. 

Results .—Primaiy tuberculous foci were seen radiologically in 17 per cent 
of tiie .series. Two of the 5 patients with negative tuberculin tests had well- 
defined primary foci, and 2 others had “questionable primaries.” In only one 
was there no suggestion of a primary lesion. The results of those 5 cases were 
not included in the 17 per cent iiicideneo of primary foci, sineo the negative, 
tuberculin reaction suggests that these foci might ho other granulomata. In¬ 
cluded in the group, however, were 2 cases of di.sseminated foci (Table IV). 


'J'able IV. Eadioi-ooic Loc-vuzatiok of Calcified Psimakv Tdbeeoulous Foci in 300 Oases 

OP BKONCIIOGENIC CARcmoiIA 



Complete complexes ' 

7 


Incomplete complexes 

3S 


Disseminated complexes 



Total 

47 


Complete Ghon complexes were seen in only 7 cases, hilar calcification alone 
in 23 case.s, and parenchymal foci without demonstrablo hilar components in 
15 cases. Thus, incomplete complexes were seen in 38 of the 100 cases, and 
parenchymal foci visualized in 22 of the grouji. 

The .segmental distribution of the parenchymal foci is seen in Table V. 
Semnents were involved with equal frequency, and the higher number in the 
apical lower lobe segments is probably not significant. The upper lobe segments 
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were involved in only 4 cases, amounting to 18 per cent of the 22 cases. This 
contrasts markedly with the incidence of neoplasms in the upper lobes, which 
is discussed in the following section. 


Table V. Calcified PRiitARY Tuberculous Foci 

SEGMENTAL LOCALIZATION IN 45 CASES 



HILAR 







— 




side 

ONLY 

Bl 

B2 

B3 


B5 

B6 

B7 

BS 

B9 

Bio 

Right 

12 

1 

1 

1 

3 

0 

3 

0 

0 

0 

3 

Left 

11 

1 

0 

0 

0 

1 

4 

2 

0 

2 

0 

Totals 

23 

2 

1 

1 

3 

1 

7 

2 

0 

2 

3 


In 15 of the 100 eases there was definite radiologic evidence of re-infection 
tuberculosis, all in the upper lobes. In an additional 3 cases, there was question¬ 
able tuberculous re-infection, and these are not included in the data for this 
group (Table VI). There were 13 eases of tuberculosis in the right upper lobe, 
and 2 in the left upper lobe. Forty-seven per cent of the 15 tumors in this 
group were in the apical upper lobe segments. Two tumors (13.3 per cent) 
were in the superior lower lobe segments. All of these patients had positive 
tuberculin reactions, and there were 7 epidermoid, 6 anaplastic, and one adeno¬ 
carcinoma. One patient had no positive tissue diagnosis of cancer. All but 
one were cigarette smokers, and only one had a contact history of tuberculosis. 
During hospitalization, 2 patients had acid-fast bacteria seen on smear, and in 
4 no sputum examinations were carried out. One patient, not included in the 
15, had a positive sputum culture for tubercle bacilli but no demonstrable lesion 
radiologlcally. 


Table VI. Re-inpection Tuberculosis 
RADIOLOGIC DIAGNOSIS IN 15 CASES 



1 • tumor location 


Bl 1 

1 B3 

1 BO 

Numbers 

7 

.3 0 

2 

Per cent of group 

47.0 

20.0 

13.3 


In only 10 of the 100 cases could an anatomic-i-adiologic association of 
tumor and tuberculous lesion be established. No parenchymal piamary foci 
were noted in the tumor segments, but there were 7 instances of tumors adjacent 
to calcified nodes. Three of the patients with re-infection tuberculosis had 
anatomic association of tumor and tuberculous foci, and Table VII summarizes 
those findings. There was the tendency not to identify primaiy and re-infec¬ 
tion lesions in the tumor segments. It was assumed that distal infiltrates, or 
dense, discrete foci, most likely represented tumor itself or distal parenchymal 
changes seeondaiy to neoplastic obstinction. 

Table VII. Radiologic Location of Tumor and Ee-inpection Tuberculosis in 15 Cases 

3 (20%) In the same segment 

4 (26 7%) In the same lobe 

10 (66.7%) In. the same or contralateral upper lobe__ 
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m PATHOLOGIC STUDIES OP THE KPSPCTED SPECniEVS IN THE CAKOtNOAIA- 

TOBERCDLIN TEST GROUP 

TJuityeigilt eases lu the 100 eoinpiising the caiciuoiua tiibeiculm test 
gioup Aveie subjected to the icmoial of a lobe oi lung Of these, 33 specimens 
Meie still available foi stiidj A caieful inspection uas earned out to deteiinine 
evidence foi tubeieulosis, beyond that levealcd m the loentgenogiains, and to 
evaluate the ladiologic segmental localization of the tuinoi-s It was noted that 
the ladiologio placement was ineoiiect m one tlmd of the 33 eases In an 
attempt to establish a inoie aceuiate topogi aphical classification, 1-12 additional 
and unielated, suigically lesected, piilnionaiy caicinoma specimens weie 
examined foi tumor location 

Methods —The segmental location of all pionously lesected tumois ivas 
a 1 datively easy mattei since it has been loutine m the Department of 
Pathology to section all lungs along the bionchial planes In this technique, 
all the bionchi, including the one involved by tumoi, aie exposed meticulously 
In the piesent study, difficulty in segmental placement was encounteied only 
with some hilai tumois piesenting a distal extension In many cases, neoplasms 
appaiently taking oiigin in the pciiphciy had stalk like piojections to the 
hilai stiuctuies It was considered icasonablo to assume that these invohed 
the majoi bronchi only secondarily’’ Hilai tiunois without laigei poiipheial 
components weie considered piiniary in the invohed bionchiis The limitation 
of this appioaeh is appieciated 

The 33 lesected spoeimens in the oiiginal caicinoma tubeiciilm test gioiip 
weie studied foi eiideuco of coexistent tuboiculous infection This was done 
without fiiithei damage to the specimens which, on account ot pieiious see 
tioning, consisted of appioximately one half the oiiginal tissue mass Micio 
scopie examination of subpleuial nodules, calcified lulai nodes, apical seal’s, 
and suspicious legions, adjacent to the tumois, was earned out when indicated 
by gloss examination Actually, only one thud of the specimens had giossh 
demonstiable lesions waiiantnig micioscopie section It was undtistood well 
that tubeieulosis is a baeteiiologic diagnosis, and that hyalmi/td seal's and 
calcified nodules oi nodes aie only piesumptivelv tubeieulous Apical seais 
and calcifications weie not consideied tuberculous, pel se ” 

Results —The pathologic le examination of these 33 spoeimens fiom the 
caicinoma tuboiculin test gioup gaxe additional tubeieulosis data beyond that 
accumulated b-v ladiogiaphv In 8 cases 9 types of lesions, not cstablislied 
b'5 loentgen lay, were discoieied, these aie listed in Table VIII Host 
Intelesting was the finding of 2 additional instances of ic infection tubeieulosis 
associated with the tumois Both patients had had le infection tubeieulosis 
diagnosed ladiologicalh but on the side opposite fiom the tumoi Anothei 
pitieiit had had a peiipheial, hyalniized scat lelated to the tumoi, and a final 
one had had a calcified node assotiited with a hilai tumoi Adding these 4 
cases of pathologically associated tubeiuilosis and c iicinoma to the 10 diagnosed 
ladiologically bungs the total to 14 pei cent foi the entire 100 cases 
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Table VIII. ^\j)DmoNAL Tubei4Culosis Findings on Anatoaiic Study in 33 Cases of 

Eesection 


OCCUiiUENCB 


Apical calcificatioa 1 

^Multiple calcified foci 1 

Calcified node associated with tumor 1 

Hyaiinized scar associated with tumor 1 

Several hyaiinized foci 1 

Ee-infcction tuberculosis in additional segments 2 

Tumors associated with re-infection tuberculosis 2 


Since anatomic placement of the tumors appeared to be more accurate 
than radiologic placement alone, the 33 resected tumors were supplemented by 
142 unrelated carcinoma specimens, totaling 175, for anatomic study. These are 
compared tvith the remaining 67 nonreseeted tumors in the x-ray studies of the 
original eareinoma-tubereulin test gi-oup in Table IX. There was fairly close 
agreement with the exception that fewer tumors were considered primary in 
the major bronchi on gross examination. Twenty-one per cent of the neoplasms 
were primary in the hilar and lobar bronchi, and 79 per cent had obvious seg¬ 
mental or subsegmental origin. The predilection of bronchogenic carcinoma 
for particular regions contrasts with the apparent haphazard distribution of 
the primary parenchymal tuberculous focus as noted in the previous section, and 
summaidzed in Table V. 


Table IX. Biioncuogenic Cakcinoma 


CASES 

1 ULB 

Bl 

B2 

B3 

1 

1 UNSPEC. 

1 

I 

RIB 



Segmental Location 




67 (x-ray) 

Eight side 

2 

5 

3 

6 

3 

0 

1 


Left side 

2 

4 

6 

5 

3 

1 

2 

— 

(Per cent) 

(6) 

(13.5) 

(13.5) 

(16..3) 

(9.9) 

(1.5) 

(4.5) 

(4.5) 

175 (gross) 

Eight side 

O 

u 

21 

15 

17 

1 

2 

2 

7 

Left side 

7 

9 

19 

13 

1 

2 


— 

(Per cent) 

(5.7) 

(17.2) 

(19.4) 

(17.2) 

(1.1) 

(2.3) 

f2.3) 

(4.0) 

Totals 

?A2 

14 

39 

43 

41 

8 

o 

7 

10 

(Per cent) 

(5.8) 

(16.1) 

(17.8) 

(16.9) 

(3.3) 

(2.1) 

(2.8) 

(4.1) 


CASES 


ItSB 


LLB 


BC 


B7 


B8 


B3 


Bio 


67 (x-ray) 

Eight side 

Left side 
(Per cent) 

3 

2 

(7.5) 

Segmental Location 

3 0 

7 5 

(15.0) (7.5) 

0 

0 

(0) 

0 

0 

(9) 

0 

0 

(9) 

0 

1 

(1.5) 

175 (gross) 
Eight side 

Left side 
(Per cent) 

1 

0 

(0.6) 

5 

6 

(6.3) 

17 

7 

(13.7) 

5 

1 

(3.4) 

1 

1 

(U) 

1 

2 

(1.7) 

2 

5 

(4.0) 

Totals 

2-12 

(Per cent) 

6 

(2.5) 

21 

(8.7) 

29 

(12.0) 

6 

(2.5) 

2 

(0.8) 

3 

(1.3) 

§ 

(3.3) 


Legend: AtSB =: 
lobar bronchus: LLB = 


main-stem bronchus; RIB 
lower lobar bronchus. 


= intermediate bronchus; 


upper 


The variance of segmental placement by gross dissection as compared with 
radiologic means for the 33 resected cases is summarized in Table X. In view 
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of the discrepancy noted, roentgen analysis of the tiuuor site was earned out 
again. Fihns of 10 of the 12 patients cited were available for re-evaluation. In 
2 eases it was found tliat more exact localization could have been made from 
iiifonuation present in the films. The roentgen localization remained un¬ 
changed m 5 cases, the exact position of the tumor being masked by associated 
atelectasis or pneumonitis. This was particularly true where a tumor arose in 
a pi-oximal segmental region close to the hilum. As indicated in other studies,*® 
the clinical manifestations of the tumor which brought the patient to x-ray 
examination were not present until a lobar bronchus or the right intermediate 
bronchus (.see Case 3, Part II, Table X) had been encroached upon. When 
this ocour.s, definition of the origin of the tumor is extremely difficult or im¬ 
possible. In the remaining 3 eases it was felt that the localization had been 
made with in.suffieient radiogi'aphic studies. 


T.\bi.e X. Vakutions in X-Ray .u>'» Gboss Tumor Placement in 33 C.vsES 


X. 4 Cases Segmental 

X-TMy 

Gross 


B3 

Bio 

Bs 

BO 

B? 


Bi 

11. 0 Cases Silar aad Lobar 


Gross 

ULB 

B3 

ULB 

Bs 

niB 

Bo 

LLB 

B3 

LLB 

Bo 

MSB 

ULB 

III. 2 Cases Upper Lobe Unspecified 

X-Say 

Gross 

Unspec. 

ULB 

Unspec. 

B3 


IV. PATHOLOGIC STUDY OF 50 UNRELATED SURGICALLY RESECTED BRONCHOGENIC 

carcinomas 

Finally a macro- and mieropathologic study of 50 additional resected speci¬ 
mens, not in the carcinoma-tuberculin test group, was undertaken to investigate 
further the incidence of associated pulmonary tuberculosis and broneliogenic 
carcinoma. 

Methods .—This examination was carried out in similar fashion to the 
previous pathologic studies, and histologic sections were talien only when indi¬ 
cated on gross examination. Sectioning was done earefullj' in such a way as 
to preseive the specimens, which again consisted of only one half the original 
tissue mass. 

Sesults.-^Fivc types of tuberculous lesions were found in 25 eases. The 
remaining 25 did not appear to warrant microscopic sectioning. In the latter 
group, approximately one half wei’c hilar or loliar bronchial tumots, and mo.st 
of the adjacent lymph nodes had been extirpated previously. Table XI. lists 
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T^vble VIII. Additional Tobercolosis Findings on Anatomic Study in 33 Cases or 

Resection 


occurrence 


Apical calcification 1 

Multiple calcified foci 1 

Calcified node associated with tumor 1 

Hyalinized scar associated with tumor 1 

Several h 3 'alinized foci 1 


Re-infection tuberculosis in additional segments 
Tumors associated with re-infection tuberculosis 


Since anatomic placement of the tumors appeared to be more accurate 
than radiologic placement alone, the 33 resected tumors were supplemented by 
142 unrelated carcinoma specimens, totaling 175, for anatomic study. These are 
compared with the remaining 67 nonresected tumors in the x-ray studies of the 
original carcinoma-tuberculin test group in Table IX. There was fairly close 
agreement with the exception that fewer tumors were considered primary in 
the major bronchi on gross examination. Twenty-one per cent of the neoplasms 
were primary in the hilar and lobar bronchi, and 79 per cent had obvious seg¬ 
mental or subsegmental origin. The predilection of bronchogenic carcinoma 
for particular regions contrasts with the apparent haphazard distribution of 
the primary parenchymal tuberculous focus as noted in tlie previous section, and 
summarized in Table V. 


Table IX. Bronchogenic Carcinoma 


CASES 

ulb 

1 B1 

B2 

B3 

UL 

UNSPEC. 

b‘ 

B5 

RIB 



Segmental Location 




67 (x-ray) 

Right side 

2 

5 

3 

6 

3 

0 

1 

3 

Left side 

0 

4 

6 

5 

3 

1 

2 

-- 

(Per cent) 

(6) 

(13.5) 

(13.5) 

(16.3) 

(9.0) 

(1.5) 

(4.5) 

(4.5) 

175 (gross) 

Right side 

3 

21 

15 

17 

1 

2 

2 

7 

Left side 

7 

9 

19 

13 

1 



(4.0) 

(Per cent) 

(5.7) 

(17.2) 

(19.4) 

(17.2) 

(1.1) 

(2.3) 

(2.3) 

Totals 

249 

14 

39 

43 

41 

S 

5 

7 

10 

(Per cent) 

(5.8) 

(16.1) 

(17.8) 

(16.9) 

(3.3) 

(2.1) 

(2.8) 



CASES 1 MSB 1 LLB [ B6 [ Bl | BS | RS | 


Segmental Location 


67 (x-ray) 

Right side 

Left side 
(Per cent) 

3 

2 

(7.5) 

3 

7 

(15.0) 

0 

5 

(7.5) 

0 

0 

(0) 

175 (gross) 

Right side 

Left side 
(Per cent) 

1 

0 

(0.6) 

5 

6 

(6.3) 

17 

7 

(13.7, 

5 

! 

Totals 

242 

(Per cent) 

6 

(2.5) 

21 

(8.7) 

29 

(12.0) 

(2.. 

Legend: MSB = 
lobar bronchus; LLB = 

main-stem bronchus; 
lower lobar bronchus. 

RIB = 

intermeci. 


0 

0 


( 0 ) 


0 




•v. 


The variance of segmental placement by gross dissection 
radiologic means for the 33 resected cases is summarized in T 
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may liave a vauety of etiologie agents Becent studies of “lungscai cancels” 
seem to suppoit the theoiy that it is the seal, and only lemotely the agent 
causing the scar, that is miportant in the pathogenesis of the disease Tubeicu 
losis is a common cause of pidmonaiy seals The most fiequent location of 
bronchogenie oaiemonia in the uppei lobes and the apical segment of the lowei 
lobes suggests a lelationship to re infection tubeieulosis Against this, how¬ 
ever, aie the facts that (1) only 15 pei cent of the cases in the caicinoma 
tubeiculin test gioup had demonstiated coexistent le infection tubeieulosis, 
(2) only one half of these had a positive anatomic association of both diseases, 
and (3) that the anteiior uppei lobe segment (B^), which was a eonnnon site 
of caicinoma, was less commonlv the seat of le infection tuberculosis 

The hapliazaid distiibution of the piimary paienoliymal tuberculous focus 
is not charaeteiistie of bionehogenic caicinoma Furthei-moie, 22 per cent of 
the 95 patients with bionehogenic caicinoma with positive tuberculin skin tests 
had primaiy paiencliymal foci ladiologically sepaiate fiom the tumoi mass 
Consideiing such tumors to be caused by a healed focus would imply that more 
than one focus existed Medial” has emphasized that multiple (two oi moie) 
piimanes oooui in only^ 10 per tent of lungs which aie the site of piimaiy 
tubeioulous infection, and this makes the tlieoi-j of multiple piinialies in cases 
of bionehogenic caicinoma less likely Theie was no instance of ladiologioally 
positive anatomic association of piimaiy paienchi/mal tubeioulous lesion and 
tumoi ill the 100 cases studied radiologically This was due partly to oiu 
leluotanee to classify a dense focus ncai oi vvitlim a tumoi shadow as tubeicu- 
lous In addition, in 78 ot the 95 tubcicuIin positive cases no paienoliymal 
component of the piimaiy tuberculous complex could be detected ladiologioally 
Bieli*® has stressed that x lay studies aie notoiiously poor in demonstrating 
the^e minute lesions The high incidence of iionvisualization maj indicate that 
the tubeiculous foci vveie m fact within the tnmoi mass The difficultj m 
finding these foci on gross examination ot a laige, solid tumoi is obvious, and 
one must 1 emembei that they might be destiojed by malignant giowth Particles 
of calcium seen on microscopic examination of tumors not uncommonly occur as 
the result of local neeiosis, and cannot be inteipreted as lemnauts of tubeicu- 
lous disease Attempts to study tumois by sciial sections vveie not earned out 
m the study 

The incidence of positive leaetois in the coiitiol gioup coirclates closely 
with the findings of other inv estigatois dealing with mass sui veys of eastern 
metiopolitan aieas The tubeiculm skin test might bo of greater value in aieas 
whole the positive leaotion is less common than in the East In this instanee, 
a 95 pel cent incidence of positive leactois in eases of bionehogenic caicinoma 
would bo of even gieatei statistical significance 

SUMM VBY 

1 One bundled eases of bionehogenic caremoma were compared with a con 
tiol gioup with lospeet to the tubeiculm skin reaction Ninety five per cent of 
those with caicinoma weie tubeiculm positive as compaied to 80 per cent in the 
eontiol gioup This diffeienee has statistical significance in the order p<0 01 
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2. Primary tubercnlous calcified foci were seen radiologically in 47 per cent 
of the 100 cases. In only 7 per cent of these were complete Ghon complexes 
seen. The parenchymal component was visualized in 22 per cent of cases, and 
had a random distribution as regards pulmonaiy segments. 

3. Ke-infection tuberculosis was noted radiologically in 15 per cent of the 
bronchogenic carcinomas studied. 

4. Positive anatomic association was defined as (a) their eo-sitnation in the 
same segment, or (b) the approximation of tumor and a calcified hilar node. On 
radiologic and gross examination, this was noted in 14 per cent of the 100 eases 
studied. 

5. The segmental distribution of bronchogenic carcinoma was tabulated on 
radiologic examination of 67 of the 100 eases, on gross examination of 33 re¬ 
sected specimens of the same series, and 142 unrelated, additional specimens. 
The predilection of tumors for the upper lobe and superior lower lobe segments 
was noted. The upper lobe segments were all involved, and with equal fre- 
quenc}'-. 

6. Segmental placement of tumors by radiologic means may be misleading 
with certain peripheral neoplasms having extensions to major bronchi. In such 
instances, associated atelectasis and pneumonitis may mask the actual position 
of the tumor. 

7. The possible relationship of bronchogenic carcinoma to antecedent 
tuberculosis is discussed with particular reference to the primaiy and re¬ 
infection tj'pes of lesions. 

8. The shortcomings of a purely statistical approach to tiimor pathogenesis 
is well demonstrated. 

ADDENDUM 

Since this study lias been compiled, an additional 28 consecutive patients with pul¬ 
monary carcinoma, admitted to the Thoracic Surgical Service, have been subjected to the 
tuberculin shin test. In every case the reaction was positive, using the same criteria stated 
in Part I of this report. 
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LEIOMYOMA OF INTERMEDIATE BRONCHIAL ORIGIN 
A Case RLeport 

S. JF. Berkheiser, M.D., and J. T. Szypulski, ALD., Harrisburg, Pa. 

B enign mesodermal tumors originating from intermediate bronchi are ex¬ 
tremely i'are. Most lesions of this type originate in main-stem bronchi. 
According to Liebow,^ fibromas and cliondromas are the most frequent tu¬ 
mors, accounting for from 80 to 90 per cent of benign intrabronchial tumors. 
In 1955, Hirose and Hennigar' reported only the third case of intrabronchial 
leiomyoma, and extensively summarized the literature. Because of the rarity, 
the following case is reported. 

CASE REPORT 

A 43-year-old white housemfe was admitted to the hospital on Dec. 9, 1958. Dive 
months previously she had developed an upper respiratory infection. Dollowing the in¬ 
fection she noted a persistent cough, which was productive of thick, yellowish mucus. 
She also complained of intermittent pain over the right chest, which was aggravated by 
deep inspiration. The past medical history was unremarkable, and no previous operations 
had been performed. 

Physical examination disclosed a temperature of 99° P., pulse rate of 80, respiration 
rate of 20, and blood pressure of 140/90 mm. Hg. Slight dullness and absent breath 
sounds over the right lung base were the only significant physical findings. 

Laboratory studies, including red and white cell count, hemoglobin determination, 
and urinalysis, were in the normal range. An electrocardiogram was interpreted as 
within normal limits. 

Roentgenogram of the chest disclosed a right pleural effusion, partial atelectasis of 
the right middle and lower lobes, and definite elevation of the right leaf of the diaphragm. 

On the second hospital day, bronchoscopy was performed by one of us (J. T. S.). 
A rounded smooth mass was observed projecting into the lumen of the right intermediate 
bronchus, approximately 1 cm. below the inferior spur of the right upper lobe. The lesion 
produced virtually complete obstruction of the right middle and lower lobe bronchi. The 
mass was biopsied and partially resected. 

Histologic examination revealed a benign leiomyoma. The patient was discharged on 
the fourth hospital day to be readmitted at a later date for further definitive therapy. 

She was readmitted to the hospital one month later. Her clinical condition had 
remained unaltered. The chronic cough persisted and had not changed in character. 
Physical findings at this time again revealed dullness and absent breath sounds over the 
right lung base. A few moist rales, and an inspiratory wheeze nmre audible over the 
right upper posterior lung field. Laboratory data and chest roentgenogram were un¬ 
changed. Preoperatively the patient received streptomycin and penicillin therapy. 

Prom the Departments of Laboratories and Thoracic Surgery, The Harrisburg Poly¬ 
clinic Hospital, Harrisburg, Pa. 

Received for publication March 11, 1959. 





T~- 


•>r;i:irs tr 




Tl,*-- -^STLs. i —z #-:r i ^ ^ 





*-*■ ’■‘•'w j-'crsaiTe c 

p^to:^jj—G •*- 

TTia z. totcJ -ic 
Zi»CjL#’Z**xi. D» *-^-2* 

STno-3th, nsrr _ 
bai p*T>i^cc’3 c'^a.ple e 




, , ,1, .llhil.il ildivii to lliii I'nniu-il portions The irnco>a vrns rongheneJ, 

lobes wcro inarho, It '» '* J „„.y y„|„iv o^date The adjncent long perenehrnm 
granular, and coolHlmol 1 o, (d 
SllOWCfl CXteilBlVO |HM ihh''mIM 
eratelj enlargoil 

M,croscu„h .I."I'll 

, ' „|,,UM(I nil liliiiliinl ntmcturc The tumor was observed to originate 

V ..1 n... ..ronrhni a th.. but dednue 


present (I ig J) 


mrtriplasia waa notfd in the overlving bront.iitiI 


mucosa 'll,,, ... ««' "'"lonod of elongated spindle shaped ceUs, irtncn appeare 

to represent a nil.. ... """ 

palisading ol ..1 « >* "I '‘^“'1 •"''■vlu«' "“o'ot "ore fairly uniform and regular, 

and excessive nillnlln linUvily wn. not present (I.g 3) Specifie stains bj the 
and tnchroMio iinUI hiiIh ,li mniislrnlod that the predno. cells 

type A spnlHn llliinili, '< lolingenous component 
pattern was ,oli«l III III "'H' “ Io‘0'n>o‘>>'r «« I" 




lUU BERKHEISER AND SZYPULSKI J Thoracic and 

Cardio\as Surg. 

feections of lung parenchyma confirmed the impretssion of clironic interstitial pneu¬ 
monitis of obstructive type, and also showed extensive bronchiectasis. The hilar l>mph 
nodes showed only anthracotic pigmentation. 


Fig. 2. 


Or*', 'a 




.‘.v; 





Fig. 3. 

Fig 2 —Photomicrograph showing the origin of leiomyoma m submucosal zone of the 
bronchus (xl60). 

Fig 3—Higher power photomicrograph showing details of cell morphology (X320). 


DISCUSSION 


There is no doubt that the present case is representative of benign intra- 
bronchial leiomyoma. There was no eAudenee of parenchymal origin. The 
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location and histologic featuies piecludc a metastatic lesion Hainaitomas 
may occasionallj contain large elements of smooth muscle, but admixtuies ot 
other mesodeimal components aid in the diagnosis 

Othei types of intrahi onehial tiimois have been desciibed Liebon' 
states that lipomas, lymiihoma, myoblastoma, and ei en a plasmoeytoma have 
been lecoided Primaiy leiomyosarcoma may occui, lint is likewise evtiemely 
laie-' The cellulai moiphology of the picsent case was not tjpieal of leio 
myosaicoma, although diftei entiatioii is not always made with ease 

The histologic featuies of the piesent case aie leij siiiiilai to the case 
hseiibed by Hirose and Ileniiigai “ The latter authoi’s weie able to find oiih 
pievious casts of intiabionchial leiomyoma, although si\ instances ot 
pTienchymal oiigiii wete found The piineipal fcatmes which weie of aid 
in the diffeicntiation of leiomyoma lioin otlici moic common bionchial tumois 
w IS adequately discussed 

C'liiueally, it is aiipaient that the symptoms of bionchial leiomjoiin maj 
SI rable those of bionchial adenoma Pneumonitis of obstiuctne type is 
((jiiimon to both lesions, and is diiectly icsponsiblc foi many of theMimcal 
sjiiiptoms If pioloiigod bionchial obstiuction continues without suigical 
mteiveiition, bioiichiectasis may follow as a secondaiy complication 

The tieatment of bionchial leiomyoma will laiy aetoiding to factois 
affecting the individual ease The site ot oiigiii, iiialiguant potentialities ot 
the neoplasms, the presence of secondary complications, such as bionchieetasis 
(11 extensile iineumonitis, aie faetois which must be considcicd If the tumoi 
IS confined to a small focus, adequate wide leseotion would be appiopiiate 
In the picsenee of extensive bionchieetasis and pneumonitis, howevoi, lohcc 
tomy may be iieeessaiy On the basis of histology, iiiadiation theiapy could 
1 expected to offei no possible benefits 

sniiM iR\ 

A laie ease of leiomyoma of inteimediate bionchial oiigin is pusented 
and discussed 
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PRESCALENE EAT PAD BIOPSY 
Analysis of 362 Cases 

George A. Higgins, AI.D., and William E. Brownlee, Al.D.,* 
Kansas City, Kans., and Kansas City, Alo. 


A lthough frequent involvement of the supraclavicular lymph nodes by 
metastatic carcinoma of the stomach has been a well-doeumented clinical 
observation since the time of Virchow, it has been only during the past dec¬ 
ade that the prescalene fat pads with their abundance of lymphoid tissue 
have been studied as a reflection of vainous pulmonary diseases. Since 
Daniels'® presentation, in 1949, of prescalene fat pad biopsy as a method of 
diagnosing certain intrathoracie diseases, several series of cases have been 
presented -with statistical analysis of the value of this procedure as a supple¬ 
mental diagnostic tool in the study of pulmonary disease.^* Various 

modiflcations and extensions of the simple prescalene fat pad removal have 
been suggested, and the lymphatic drainage of the lungs has been restudied 
in an effort to improve the value of this procedure as a diagnostic and prog¬ 
nostic procedure.’' 


In general, removal of the prescalene fat pads has been useful for two 
dift’erent purposes. The procedure has been used as a diagnostic aid in 
bronchogenic carcinoma as well as other pulmonary diseases when the con¬ 
ventional diagnostic methods fail to establish clearly a diagnosis. In addition, 
it has been used as a criterion of operability in cases of bronchogenic carci¬ 
noma, it being the opinion of most thoracic surgeons that involvement of the 
prescalene lymph nodes by metastatic carcinoma constitutes a contraindica¬ 
tion to excisional surgery in most instances. Although there has been general 
agreement that biopsy of palpable supraclavicular nodes should be done, 
removal of the prescalene fat pad with its contained nodes in the absence of 
clinically palpable enlargement has continued to be the subject of controversy. 
In an eft’ort to evaluate the diagnostic and prognostic value of this procedure, 
we have reviewed the experiences during the i)ast 5 years (January, 1953- 
Deeember, 1957), at the Kansas City Veterans Administration Hospital and 


From the Department of Surg'er 5 % University of Kansas School of Medicine, Kansas Cit>, 
Kans., and the Veterans Administration Hospital, Kansas City, Mo. 
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the Uiiiveisity of Kansas Medical Center, wliich comprises 362 consecutive 
presealene node biopsies. The combined evpeiience has been compiled and 
tabulated and the experience of each hospital tabulated sepaiately for com¬ 
parative purposes. 

For the most part, the pioeedures weie done by the resident staff, often 
by the first or second year lesident, and the technique employed (Fig. 1) 
consisted of simple removal of the picsealcno fat pad under local anesthesia 




■Ext jugular v. 
Sternocleidomastoid m 
Common carotid a. 

-Int jugular v. 

-Vagus n. 

-p7-Phrenic v. 

Scalenus anticus m. 
Brachial plexus 
Transverse cervical a & v. 
Omohyoid m. 
Suprascapular a. 

Jugular venous arch 
Ext. jugular v. 


bis 1—Drawing to illustrate the anatomic features of the supraclavicular triangle as ucll 
as the skin Incision and removal of the presealene fat pad 

In almost all instances, the right fat pad was removed when the right lung 
was involved and the left fat pad removed when the left lung was involved 
Although many authois- “ have recommended removal of the light scalene 
nodes for pulmonary lesions involving the left lower lung field, based upon the 
lymphatic drainage patterns reported by Eouviere,® we have continued to 
remove the ipsiloteral node. Serious doubt of this concept of cross drainage 
of the lymphatics from the left lower lobe has been raised by the recent work 
of CorreU and Langston’ who found an essentially ipsilateral drainage pattern 
by injecting dye into various areas of the dog’s lung by a transbronchial 
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loute. Likovirise, the results reported by Shields, Lees, and of 12 per 
cent histologically positive nodes in their series of biopsies of nonpalpable 
nodes, in which bilateral fat pad removal was done in lung lesions involving 
the middle or lower lung field on the left side, is almost identical with the 
results in our study (12.7 per cent). Removal of the opposite fat pad, there¬ 
fore, may be indicated when the primary lung lesion is in the left lower lobe 
or hilum and the ipsilateral nodes are histologically negative. 

Table I contains the summary of the entire experience of the two in¬ 
stitutions comprising 362 biopsies, of which 98 or 27 per cent were diag- 
nostieall}'' positive; 68 or 19 per cent were positive for carcinoma, while the 
remaining 30 or 8 per cent were diagnostically positive for conditions other 
than carcinoma. Comparison of the total positive results obtained in the 
Veterans group and the University group shows a considerable discrepancy— 
21 per cent versus 37 per cent. The reason for this is readily apparent in 
Table II Avhieh shows the much higher percentage of clinically palpable nodes 
in the University group than in the Veterans group—44 per cent versus 23 
per cent. During the period of time when these figures have been accumu¬ 
lated, the use of scalene node biopsy as a diagnostic screening test has been 
used much more freely by the Veterans Administration staff than by the 
University group. 


Table I. TiVbulation op the Entire Series op Biopsies IVith the Number and Percentage 
tV'HiCH Were Positwe on Histologic Examination 


[ 

V.A. 1 

K.u. 

1 TOTAL 

Total biopsies 

PositiA'e-cancer 

Positive-other than cancer 
Total positive biopsies 

224 

35 (16%) 

12 ( 5%) 

47 (21%) 

33 (24%) 

18 (13%) 

51 (37%) 

362 

68 (19%) 

30 C 8%) 

98 (27%) 

Table II. Summary op Palpable and Nonpalpable Nodes in 

THE Series 

i 

V.A. 1 

K.u. 

j TOTAL 

Total biopsies 

Clinically palpable node 

No clinically jialpRble node 

224 

52 (23%) 

172 (77%) 

138 

60 (44%) 

78 (56%) 

362 

112 (30%) 

250 (69%) 


Table III contains a breakdown of the findings in those patients who 
had a scalene biopsy done Avith a final diagnosis of bronchogenic carcinoma 
made by biopsy, operation, or autopsy. Of the 208 patient with bronchogenic 
carcinoma, 68, or one thud, had metastatic involvement of the scalene nodes. 
Comparison of the findings in the two institutions again shows a fairly wide 
discrepancy, I'efleeting the fact that prescalene fat pad biopsy in the presence of 
nonpalpable nodes Avas done Avith much greater frequency in the Veterans 
Hospital group than in the Unwersity group. Even so, there Avere 18 in¬ 
stances in the total study in Avhieh the scalene nodes Avere involved by 
metastatic carcinoma in Avhieh no palpable enlargement of the nodes Avas 
present. 
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route. Likewise, the results reported by Shields, Lees, and Fox^^ of 12 per 
cent histologically positive nodes in theii' series of biopsies of nonpalpable 
nodes, in which bilateral fat pad removal was done in lung lesions involving 
the middle or lower lung field on the left side, is almost identical with the 
results in our study (12.7 per cent). Removal of the opposite fat pad, there¬ 
fore, may be indicated when the primary lung lesion is in the left lower lobe 
or hilum and the ii^silateral nodes are histologically negative. 

Table I contains the summary of the entire experience of the two in¬ 
stitutions comprising 362 biopsies, of which 98 or 27 per cent were diag¬ 
nostically positive; 68 or 19 per cent Avere positive for carcinoma, while the 
remaining 30 or 8 per cent were diagnostically positive for conditions other 
than carcinoma. Comparison of the total positive results obtained in the 
Veterans group and the University group shows a considerable discrepancy— 
21 per cent versus 37 per cent. The reason for this is readily apparent in 
Table II which shoAvs the much higher percentage of clinically palpable nodes 
in the University group than in the Veterans group—44 per cent versus 23 
per cent. During the period of time Avhen these figures have been accumu¬ 
lated, the use of scalene node biopsy as a diagnostic screening test has been 
used much more freely by the Veterans Administration staff than by the 
University group. 


Table I. T.vbulatio.n’ of the Entire Series of Biopsies With the NujAiber and Percentage 
Which AVere Positive on Histologic Examination 


1 

V.A. 1 

K.U. 

1 TOTAL 

Total biopsies 

Positive-cancer 

Positive-other than cancer 
Total positive biopsies 

224 

35 (16%) 

12 ( 5%) 

47 (21%) 

33 (24%) 

18 (13%) 

51 (37%) 

362 

68 (19%) 

30 ( 8%) 

98 (27%) 

Table II. Susijiary op Palpable and Nonpalpable Nodes in 

THE Series 

1 

V.A. 1 

K.r. 

1 TOTAL 

Total biopsies 

Clinically palpable node 

No clinically palpable node 

224 

52 (23%) 

172 (77%) 

138 

60 (44%) 

78 (56%) 

362 

112 (30%) 

250 (69%) 


Table III contains a breakdoA\m of the findings in those patients who 
had a scalene biopsy done Avith a final diagnosis of bronchogenic carcinoma 
made by biopsy, operation, or autopsy. Of the 208 patient Avith bronchogenic 
carcinoma, 68, or one third, had metastatic involvement of the scalene nodes. 
Comparison of the findings in the tAVo institutions again shoAvs a faix’ly Avide 
discrepancy, reflecting the fact that prescalene fat pad biopsy in the presence of 
nonpalpable nodes Avas done Avith much greater frequency in the Veterans 
Hospital group than in the University group. Even so, there Avere 18 in¬ 
stances in the total study in Avhich the scalene nodes Avere involved by 
metastatic carcinoma in Avhich no palpable enlargement of the nodes Avas 
present. 
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Tabie III Compilation op the Findings in the 208 Patients Ultimately Proied to 
Have Caecinoma op the Lung 


1 

\ X 

1 2f U 

1 TOT\L 

Total biopsies 

22i 

138 


302 

Patients* luth final diagnosis of cancer 
Scalene node lustologically positive for 

129 

79 


208 

cancer 

30 (27%) 

33 (12%) 

68 

(33%) 

Clinically palpable node 

No clinically palpable node 

22 (17%) 

28 (35%) 

50 

(21%) 

13 (10%) 

5 ( 6%) 

18 

( 9%) 


Table IV contains an analysis of the 208 patients having a final diagnosis 
of bioneliogonic eaieiiioina with icspcct to the piesence oi absence of palpable 
nodes and the histologic findings in the tno gioiips Out of the 66 patients 
having palpable nodes, 50 (75 pei cent) weie found to he histologically 
positive loi bionchogeme eaiciiionia However, in 16 instances, the enlarged 
nodes vveie Inatologieally negative, ciiiphasiznig that the piesenee of enlaiged 
piescaleno nodes ni the piesenee of bionchogeme oaicinoma is not invaiiably 
indicative of metastatic involvcnicnt The lovvoi poition of Table IV con 
tains the most significant figuics obtained fiom the entue study Of the 
208 patients in the studj whose final diagnosis was bionchogeme caiciiioina, 
142 had nonpalpable scalene nodes on ebnical e\amination Of this gioup, 
18 (12 7 poi cent) vveio found to have histologic involvement on imoiosoopie 
examination Tlie fact that the pci tentages of histologically positive nodes in 
the two gioups weio almost identical—13 pei cent veisus 11 poi cent—is 
doubly significant m those patients with climeally nonpalpable nodes, since 
the difleienee in the selection of patients in the two gioups, as lefloeted by 
the diseiepaiiey m figmes contained in the othei tables, would have no effect 
on the number of histologically positive specimens in those patients having 
nonpalpable nodes ou eluiical exammatioii 


Table IV Summvpv of Histologic Findisgs in 208 Patients* 



1 VA 

1 K U 

\ TOIAL 

Total patients ^\ith final diagnosis of cancer 

129 

79 

208 

Clinically Palpable Node 

32 

34 

00 

Histologically pos cancer 

22 (69%) 

-’S (82%) 

00 (76%) 

Histologically neg cancer 

10 (31%) 

0 (18%) 

16 (24%) 

No Clinically palpable Node 

97 

4o 

142 

Histologieallj pos cancer 

13 (13%) 

5 (11%) 

18 (13%) 

Histologically neg cancer 

84 (87%) 

40 (89%) 

124 (87%) 


•Tlie 208 P'ltients having circmoma ot the lunc have been subdivided into those Iiavlnij 
clinically palpable nodes and those not having palpable nodes uith a summary of the histo 
logic findings in the tvio groups 


Diagnoses othei than bionchogeme caicinoma which weic established 
by scalene fat pad biopsy aie sumniaiircd in Table V It will lie noted that 
m 10 of the cases m the Umveisity gioup the dngnosis was caiemoma oiig 
mating outside the lung In all but 3 of these patients, definite piilmonaiv 
abiioiiiialities vveie present on n lay In a lecent case done since the study 
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loute, Like^vise, the results I’cpoi'ted by Shields, Lees, and Pox^^ of 12 per 
cent histologically positive nodes in their series of biopsies of nonpalpable 
nodes, in which bilateral fat pad removal was done in lung lesions involving 
the middle or lower lung field on the left side, is almost identical with the 
results in our study (12.7 per cent). Removal of the opposite fat pad, there¬ 
fore, may be indicated when the primary lung lesion is in the left lower lobe 
or hilum and the ipsilateral nodes are histologically negative. 

Table I contains the summary of the entire experience of the two in¬ 
stitutions comprising 362 biopsies, of which 98 or 27 per cent were diag¬ 
nostically positive; 68 or 19 per cent were positive for carcinoma, while the 
remaining 30 or 8 per cent were diagnostically positive for conditions other 
than carcinoma. Comparison of the total positive results obtained in the 
Veterans group and the University groirp shows a considerable discrepancy— 
21 per cent versus 37 per cent. The reason fo 2 ‘ this is I'eadily apparent in 
Table II which shows the much higher percentage of clinically palpable nodes 
in the University group than in the Veterans group—44 per cent versus 23 
per cent. During the period of time when these figures have been accumu¬ 
lated, the use of scalene node biopsy as a diagnostic screening test has been 
used much moi-c freely by the Veterans Admini.stration staff than by the 
University group. 


Table I. Tabulation op the Entire Series op Biopsies With the Number and Percentage 
Which Were Positive on Histologic Examination 


1 

V.A. 1 

K.U. 

1 TOTAL 

Total biopsies 

Positive-cancer 

Positive-other than cancer 
Total positive biopsies 

224 

35 (16%) 

12 ( 5%) 

47 (21%) 

138 

33 (24%) 
18 (13%) 
51 (37%) 

362 

68 (19%) 

30 ( 8%) 

98 (27%) 

Table II. Summary of Palpable and Nonpalp/Vble Nodes 

IN THE Series 

1 

V.A. 1 

K.U. 

1 TOTAL 

Total biopsies 

Clinically palpable node 

No clinically palpable node 

224 

52 (23%) 

173 (77%) 

138 

60 (44%) 
78 (36%) 

362 

112 (30%) 

250 (69%) 


Table III contains a breakdown of the findings in those patients who 
had a scalene biopsy done with a final diagnosis of bronchogenic carcinoma 
made by biopsy, operation, or autopsy. Of the 208 patient with bronchogenic 
carcinoma, 68, or one third, had metastatic involvement of the scalene nodes. 
Comparison of the findings in the two institutions again shows a fairly wide 
discrepancy, reflecting the fact that prescalene fat pad biopsy in the presence of 
nonpalpable nodes was done with much greater frequency in the Veterans 
Hospital group than in the University group. Even so, there were 18 in¬ 
stances in the total study in which the scalene nodes were involved by 
metastatic carcinoma in which no palpable enlargement of the nodes was 
present. 
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Table III CoMrii«vTiON of the Findings in the 208 Patients Ultimatelt Proved to 
Have Cvrcinoma oi the Lung 


1 

V V 1 

N U 1 

TOT VL 

Total biopsies 

22i 

13S 

J62 

Patients A\ith final diagnosis of cancer 
Scalene node lustologically positive for 

129 

79 

JOS 

cancer 

35 (27%) 

33 (127c) 

GS (33%) 

Clinically palpable node 

12 (17%) 

28 ( 357c') 

50 (217c) 

No clmicallj palpable node 

13 (10%) 

5 ( 0%) 

is ( 97c) 


Table IV contains an analysis of the 208 patients having a final diagnosis 
ot bionchogenic eaicmoina with icspctt to the piosence oi absence of palpable 
nodes and the histologic findings ui the two gionps Out of the 60 patients 
having palpable nodes, SO (75 pei cent) wcie found to be histologically 
positive ioi bionchogenie caicinoina Hovvevei, in 16 instances, the eiilaiged 
nodes weie histologically negative, ciiiphasizing that the picseiice of enlaiged 
piescalenc nodes in the picsenee of bionchogenie caicinoiua is not invaiiably 
indicative of metastatic involvcnient The lowei poition of Table IV con 
tains the most significant flguies obtained fiom the entile study Of the 
208 patients in the study whose final diagnosis was bionchogenie caiciiioma, 
142 had nonpalpable scalene nodes on clinical examination Of this gioup, 
18 (12 7 pci cent) weie found to have histologic involvement on mieiosoopic 
oxaiiuuation The fact that the peicciitagcs of histologically positive nodes iii 
the two gioups weie almost identical—13 pei cent veisus 11 pei cent—is 
doubly significant in those patients with clinically nonpalpable nodes, since 
the diffeieiice in the selection of iiaticnts in the two gioups, as leficcted by 
the disciepancy in figiiies contained in the otliei tables, would have no effect 
on the numbei of histologically positive spcciiiieiis in those patients having 
nonpalpable nodes on clinical cxaiiiiiiation 


T vble IV SuMMAi V ot Histologic Findings in 208 Patients* 



1 VA 1 

1 K U 

1 TOTII 

Total patients with final diagnosis of cancer 

129 

79 

JOS 

Clinically Palpable Node 

3J 

34 

66 

Histologically pos cancer 

22 (69%) 

28 (82%) 

oO (76%) 

Histologicall} neg cancer 

10 (31%) 

b ClS7r) 

16 (24%) 

No Clinically Palpable Node 

97 

4d 

1} J 

Histologically pos cancer 

13 (137o) 

5 (11%) 

18 (13%) 

Histologically neg cancer 

84 (87%) 

40 (89%) 

124 (S77o) 


•The 208 pstlcnts having carcinoma of the lung ha\c been snbdivf ied into thoie iinvinK 
chnicalb palpable nodes and those not having palpable nodes ^^ith a i.unimar> of the histo 
logic findings In the two groups 


Diagnoses othei than bionchogenie caicinoma vvhich vvcie established 
by scalene fat pad biopsy aie summiiucd in Table V It will be noted that 
in 10 of the eases in the Uiuversitj group the diagnosis was ciicmoma oiig 
mating outside the lung In all but 3 of these patients, definite pulmouaij 
abnoimalities weie present on x-iay In a iceent case, done since the studj 
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was completed, scalene lymph nodes were found to contain metastases from 
a papillary carcinoma of the thyroid entirely unsuspected in a man having 
bronchogenic carcinoma resected by pneumonectomy. 


Table V. Conditions Othek Than Cakcinoma op the Lung Diagnosed by Scalene Node 

Biopsy 


_ 1 

V.A. 

1 K.U. 

i TOTAL 

Boeck’s sarcoid 

3 

2 


Tuberculosis 

3 

1 


Nonspeeifte granuloma 

3 



Lymphoma 

1 

3 


Infectious mononucleosis 

1 



Thrombosed subclavian vein 

1 



Carcinoma other than lung 

0 

10 



Table VI contains a breakdown of the histologic cell types found in the 
scalene nodes in those patients with bronchogenic carcinoma. For simplifica¬ 
tion, the lesions were divided into squamous cell carcinoma, adenocarcinoma, 
and nndift'erentiated carcinoma. The variations between the two groups of 
patients probably reflect a difference in the classification patterns used by the 
various pathologists concerned. As might be expected, there was a preponder¬ 
ance of undifferentiated carcinoma in the histologically positive scalene group 
although the number of squamous cell carcinomas and adenocarcinomas is 
sigmificant. 


Table VI, Summary op Histologic Classifica.tion in the Scalene Fat Pads Showing 

Metastatic Bkowchogenic Carcinoma 



1 V.A. 

1 K.U. 

j TOTAL 

Squamous ceil carcinoma 

7 

4 

11 

Adenocarcinoma 

9 

3 

13 

Undifferentiated 

19 

26 

45 

Total 

35 

33 

68 


SUMMABY 

The diagnostic and prognostic significance of prescalene fat pad biopsy 
has been determined in a study of 362 patients having this procedure during 
the past 5 years. The series includes 138 patients from a University Hospital 
and 224 patients from an associated Veterans Hospital. A comparison of 
the two series as well as a study of the entire group is made. 

Of the 362 biopsies, 98 (27 per cent) were positive, 68 (19 per cent) for 
carcinoma and 30 (8 per cent) for diseases other than carcinoma. 

Of the 208 patients whose final diagnosis was bronchogenic carcinoma, 
68 (32 per cent) had a positive prescalene fat pad biopsy. 

Of the 68 instances showing a histologic diagnosis of carcinoma, 50 (73 
per cent) had clinically palpable nodes, while 18 (27 per cent) had non- 
palpable nodes. 

Of the 142 patients in whom the final diagnosis was bronchogenic carci¬ 
noma and who had nonpaipable nodes on clinical examination, 18 (12 pei 
cent) were positive on histologic examination. 
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AN ELECTRONICALLY CONTROLLED RESPIRATOR 
FOR THE EXPERIMENTAL LABORATORY 

F. John Lewis, M.D., Chicago, III. 


INTRODUCTION 

A RESPIRATOR, Consisting of an electronic timing circuit and two solenoid 
valves, has been used by us in the experimental laboratory for about 7 
years. For some of the earlier respirators, tlie electrical timing luiits were built 
by electrical technicians or by us.® These respirators worked well and they 
are still being used, but it is now much easier to build the respirator with a 
commercially available timer. The respirator can be assembled from a few 
purchased parts and some standard plumbing fittings. It will operate either 
on compressed air from a laboratory wall line or on gas from a tank of com¬ 
pressed air or oxygen. 


THE APPARATUS 


The apparatus is illustrated in Figs. 1 and 2. The timing unit'^ is a 
mulivibrator circuit which has been employed in various designs as a cycle 
timer for industrial processes. The reader will be spared description of the 
electronic circuits. I am not sure of the details of the circuit in this com¬ 
mercial apparatus but circuits of similar purpose are to be found in the non¬ 
medical literature.^’ - The length of a timing cycle in these devices is de¬ 
termined by the length of time it takes a condenser to discharge through a 
variable resistor. Thus, by turning a knob to change the resistance, the length 
of the cycle is varied. In action, the timing circuit operates a relay so that 
this relay is alternately on and otf. The length of the on and off cycles may 
be varied independently in a range from a fraction of a second up to about 
12 seconds. 

The power supply (150 volts AC) and the electrical solenoid valve are 
wired to a terminal strip built in the timing unit so that one solenoid valve 
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1 ig 1—Photofai iph oC the iU)t illustrating its compact 'xs cmblj on i board 
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receives eiu-reiit while the other valve is off and vice versa. The correct way 
of connecting the solenoids becomes relatively clear after a little study of the 
timing device. One solenoid becomes an inspiratoiy valve and the other the 
expiratory valve of the respirator. Thus, one of the controls of the timer 
regulates the length of inspiration and the other the length of expiration. 
The lespiratory rate can be easily adjusted from 4 or 5 per minute up to more 
than 60 per minute, with a wide range of inspiratory and expiratory ratios. 
The solenoid valves,^ which are identical, are normally closed and only opened 
when a current is applied. These valves have large apertures and rubber-cush¬ 
ioned flaps which make them nearly silent. If the gas pressure is too high on the 
inspiratory side, this type of valve will lock in the closed position. This dis¬ 
advantage has not appeared with other solenoid valves we have used.f But 
these other solenoids are much noisier. The quiet operation of the Minne¬ 
apolis Honeywell valve is worth the slight additional care neeessaiy in con¬ 
trolling the inflow gas pressure. Gas entering the inspiratory solenoid must be 
under controlled pressure. If tank gas is used, a standard reducing valve 
attached to the tank is sufficient, f This is a pressure, not a flow rate, valve. 
If air from a labox'atoiy pressure line is used, there must be a pressure-reducing 
valve proximal to the solenoid valve. We have used the valve shown in the 
ilhTstrations.§ It is not quite as sensitive as one would like but this has been 
no great disadvantage. If a tank source is used %vith this valve in position, 
either it or the tank valve may be open to allow control of pressure by the 
other pressure regulator*. 

Standard pipe fittings connect the solenoids to the respirator tubing and 
the inspix’atoiy solenoid to the reducing valve. The expiratory solenoid ex¬ 
hausts into the ambient air. Attachment of a pressure gauge|| is a useful 
refinement. It allows the operator to observe the pressure in the animal’s 
, respiratory tree. Other refinements may be added as it is desired. An on 
jand off switch has been inserted in some of these models. It is possible to 
' hook up the resistors so that the rate and ratio adjustments may be used 
rather than adjustments for the length of inspiration and expiration. Ground¬ 
ing of the solenoids and the timer is essential if sensitive recording equip¬ 
ment is to be used in the laboratory. 

EarUer models of this particidar respirator have been used in literally 
thousands of dog experiments with only occasional repair problems. The 
model described here is newer and thus less extensively tested but it seems 
to be reliable. The machine is not explosion proof. 


•Silent gas valve Model No. V40A, Minneapolis Honey^vell Regulator Co., Minneapolis 

^^Tvalve No. V5-D1790S, Skinner Electric Valve Division, The Skinner Chuck Co., New 

smge cylinder regulator. Style 8401, Air Reduction Company, Ne^ N Y. 

§Precl 3 lon pressure regulator. Type 11,400. C. A. Norgren Company, 222 Santa Fe Drive. 

Denver 9, Colo. nviin Chpmlcal and Surgical Equipment Co., 1400 B. 

Washan^Av^elurSolrir^^^^ 

necessary.) 



ELECTEONICALLY CONTROLLED RESPIRATOR 


•ill 


VoL38. No 3 
September, 1959 


The same basic respirator has also been used clinically, both in the op¬ 
erating room and on the wards. The clinical model has some additional re¬ 
finements and it is still undergoing tests and alterations. 

SUMM^UIY 

An electronically controlled respirator, consisting of a cycle timer and 
two solenoid valves, has been described. It is easy to assemble, reliable, and 
flexible in operation. 
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A CARDIOVASCULAR SIMULATOR FOR THE EVALUATION 
OF PROSTHETIC AORTIC VALVES 

Thomas 1. Marx, B.S.M.E., Burton R. Baldwin, B.S., and 
C. Frederick Kittle, ALD., Kansas City, Kans., and Kansas City, Alo. 


I. INTRODUCTION 


T he cardiovascular siniulatoi' described herein is a mechanical analogue of 
the left ventricle, aorta, and systemic circulation. It was designed to facili¬ 
tate analysis of prosthetic aortic valves, and with modifications it can be used 
for mitral valve analysis. Potentially, the simulator is useful as a teaching 
and study aid, since such characteristics as peripheral resistance, aortic dis- 
tensibility, etc., can be independently varied, and the effects on ventricular and 
aortic dimamic pressure curves immediately observed. 

The resistance of a valve to blood flow, as inea.sured by the pre.ssure drop 
across it, is a function of both instantaneous flow rate and the degree of re¬ 
striction. The average ejection rate during systole is only 270 ml. per second 
(i.e., 60 ml. stroke output 0.22 sec. ejection period) as compared to the actual 
peak rate of 900 ml. per second, which is developed for a small portion of the 
ejection time. To evaluate accurately valve stenosis, therefore, it was raanda- 
■ tory that the simulator duplicate the shape of the nonnal ventricular ejection 
curve as well as total stroke volume. 

In order to test reliably the ability of a prosthetic valve to withstand the 
hydraulic forces imposed during diastole, it was also necessaiy to duplicate the 
shape of the ventricular pressure curves as well as the absolute magnitudes. 
The strength of materials under fatigue stress often depends on the rate of 
change of stress in addition to the magnitude of stress. The aortic valve is 
subjected to particularly high stress rates at the instant it snaps shut and must 
maintain diastolic pressure against the rapidly falling left ventricular pressure. 

Like any system which contains a number of interdependent variables, the 
simulatoi* was most conveniently designed by fixing one variable as a basic 
parameter. For practical reasons, the left ventricular ejection curve was se¬ 
lected as the parameter from which the system was to be designed. The volume 
and pressure curves from Wiggers’^ were used as the standard normal euives. 
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It njiist be noted that Wiggezs’ volume eur\e has been dciived fioni the 
eojnbmed tentiieulai \ohimes The light veutnele, lungs, left ventuole, and 
sjsteniic ouculation are normally in senes in a closed fluid Sistem, theiefore, 
assuming no tiansient changes aie taking place in the vanous vasculai volumes, 
the left and light total ejection volumes per hcaitbeat aie identical Houever, 
the fluid dynamic “loads" (such as the inagiutudcs of lesistaiice, distensibility, 
etc) imposed upon the two ventiiclcs aie gicatly diffeicnt Consequently, the 
instantaneous flow lates aie diffcicnt lu the two pumping ehambois even though 
the total ejection volumes aie identical This lesults m distoitioii of the shape 
of the volume euive when the eombmed ventiieiilar volume is used to plot loft 
leutiieulai ejection Despite this iiihcient ciior, the ejection cuive of Wiggcis, 
being the most icliable data available, was used 

Austen, Shaw, Scamiell, and Thmlbcek' have studied aortic stenosis bj 
steady state flow veisus piessuie drop lelationships, and Staii, Schnabel, and 
Mayock” have simulated systole in cadavci-s Davila, Tiout, Sunnet, and Glovei" 
have desciibed a device that has the advantages of duplicating sjstole in a 
completely ineohanical laboiatoiy simulatoi The instrument dcsciifaed below 
IS much simplei, smallei, and less expensive to constiuct than that used by 
Davila and liis cowoikeis, although caidiac latc and stioke output cannot be 
changed as easily 

II DLSCKirTION OF APPVRATUS 

A VcntiicU and Valves—A positive displacement pump opeiated at 66 
stiokes pei nimnte was used as the analogue of the left ventncle (Figs I and 
2) The chambet consisted of a thin walled gum lubbcr tube (21 cm diametei 
bj 1 5 mm wall by 19 cm active length) compiessed between the base plate 
and piessuio plate, the lattei being actuated tliiough a follow ei by a motoi 
diiven cam Caidiae late could be changed by adjusting the inotoi geai latio 
The shape of the cam was designed so that, as it tiaveled thiough SO degiees 
of lotation (22 pei cent of the caidiac cjcle), liquid was foiced fioni the veil 
tiicle aceoiding to Curv'e 1 in Fig 3, .1 In ordei to studj valves intended foi 
dog implantation. Curve 1 (Fig 3, A) is Wiggeis’ ejection curve sealed down 
to a 30 ml stioke output (Othei sUoke volumes can bo obtained witli dif 
feient cams) The slope of ejection cuivc at any instant is the ejection flow 
late at that instant Curve V of Fig 3, B is the deiivative oi “slope plot” of 
Cuive 1 and as such it is the flow late veisus time lelationship Cuives 2 and 
2' in Fig 3 show the actual values obtained with the snnulatoi 

The inflow end of the ventncle was fitted with a hall check valve as a 
initial substitute The outflow end of the ventncle was conneitid to the aottie 
valve holdci To establish leteiciice cuives, a ball check aoitic valve was used, 
tins being leplaced bj a Lucitc chambci eontaining an expeumental prosthetic 
\ live foi evaluation 

B Aoi/a —Ill noiiiial voung adult man and lu the dog, an appioviiiiatolv 
sti.light line lolatiousliip evists between aoitic piossure and aoitii, vohniie 
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Pis’. 1.—Cardiovascular simulator. 
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within the physiologic range. It can be shown by the principles of stress 
analysis that a straight-line relationship does not exist between volume and 
pressure for a thin-walled cylinder of perfectly clastic* material. The actual 
aortic pressure-volume curve, therefore, although simple in appeai'ance, is a 
uianifostatiou of the complex nature of the vessel walls. 




TIME (stco»os) 

8. 81000 nm S*T£ 


Fig 3 —Ejection phase. 

Another factor which greatly complicates the accurate simulation of blood 
flow is the relatively slow propagation of the arterial pulse along the aorta. 
If the aorta were acting as a simple container, there w'ould he an equal increase 
in diameter along the entire vessel, and no traveling pulse would exist. It is 
known,, liowever, that the root of the aorta distends to aceonunodate a rela¬ 
tively large volume of blood during ventricular ejection, and that the area of 

•As used here, elasticity Is an explicit tenn which refers to Uic direct proportion of 
stress (tension force) to strain (deformation of a material under stress). ^ 
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distention travels down the aorta at a rate of 4 to 5 meters per second. Since 
this involves complex transient phenomena, empirical techniques were employed 
to obtain normal aortic behavior. 

The aortic analogue consisted of gum rubber tubing (2.4 cm. diameter by 
1.5 mm. wall) enclosed in an air chambei’ (7 cm. diameter' by 26 cm. long). 
The vohmre of the air chamber was varied b 3 ' pai’tiallj’’ filling it with water, 
and fittings were provided to allow adjustment of the gas pressure. A 500 
ml. auxiliarj'' air bottle was connected to the aoi'tic chamber through a rubber 
tube to which a screw clamp was applied to restrict the passage of air. Ex¬ 
perimentation showed that a simple air chamber could not be used for obtaining 
normal aortic pressure cui'ves. When the size of the chamber was made large 
enough to result in proper aortic pulse pressures, the separation between the 
sj'stolie and diastolic phases was lost, and the cui've acquired a “saw-tooth” 
shape. Kedueing the air volume so as to obtain a noi'mallj' shaped cui’ve resulted 
in liigh pulse pressures. It was empirieaUj’- found that by reducing the aortic 
chamber air volume, connecting this chamber to an auxiliaiy chamber through 
an air restriction, and reducing the pressure of the air sj'stem, that nearly 
normal aortic cuiwes could be produced. 

C. Peripheral Resistance and Blood Viscosity. —^Periphei’al resistance was 
applied to the sj'stem bj* a screw clamp on the rubber tube leading from the 
aorta to the liquid resen’oir. The reservoir was placed approximatelj' 40 cm. 
above the ventricle so as to provide sufficient diastolic fill pressui’e. 

Viscosity is usuallj'’ regarded as a propertj^ of a particular liquid, which 
changes onh' ■with composition and temperature. The viscositj’- of blood, how¬ 
ever, depends also on flow conditions. Lamport® concluded that blood acts as a 
combined viscous-plastic fluid, and the in vitro performance of whole blood 
is such that its effective viscosity is a function of flow velocity and vessel diameter, 
the effect of these parameteis on -viscosirt' being more pronounced at higher 
hematocrit. Blood of less than 55 per cent hematocrit which flows in tubes, 

3 mm. or greater in diameter, exliibits nearly pure viscous properties. From 
the standpoint of ventricular and aortic dynamics, therefore, the laws of viscous 
fluids applj'. A 42 per cent glycerol solution was used as the blood analogue. 
At 20° C. such a solution has a viscosity of 4.1 centipoise, and at 25° C. the 
viscosity is 3.5. 

D. Instrumentation .—Charge bore tubes were used to communicate ven¬ 
tricular and aortic pressures to Statham P23A strain gauge transducers. The 
ventricular recording sj’-stem, which received the highest frequency components, 
was adjusted for slight underdamping to assvu’e maximum frequency pass 
band ■without introducing significant artifact. Step input piessuie tests in¬ 
dicated that at this condition the response was 3 db down at 12 c.p.s., and the 
resonant frequency was 45 c.p.s. The recording sjrtem, which was thus 
capable of reproducing more than the tenth harmonic of the fundamental, was 
adequate for phj’siologic pulses.®- ® 

The output of each transducer circuit was fed to a cathode follower power 
amplifier from which three types of presentation Avere available: oscilloscope, 
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recorder, and oscilloscope switch. The last facilitated a twin beam effect so 
that the ventricular and aortic pressures could be simultancouslj' displayed on 
the same scale. The oscilloscope (Hewlett-Packard Hodel t30A) was used 
for calibration and for adjusting the simulator variables. Permanent cliarla 
were made witli a two channel Brush Electronic Oscillograph (Jlodel BL-t!0’.2 
recorder with Model BL-932 DC amplifier). 


VEMTRICULAR iORTIC 



VERTRICULAR AORTIC 




III. METHOD OF V-ALVE EVALUATION 

In order to establish roforoiice curves and set tbo mcelianical adji^tnient.s, 
the cardiovascular simulator was firet operated wit^‘ “ ^ ' '’“‘die valve. 

After the glycerol circuit was purged of air,^530 ml. of P ‘‘oed hi the_^ 
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aortic aii' cliamber. Previous tests indicated that this reduction in chamber 
volume was necessary to achieve normal aortic distensibility. The air pressure in 
the chamber was then reduced to 130 mm. Hg below atmospheric pressure, a 
value wlaich was also determined empirically. The simulator motor was starred, 
and the peripheral resistance clamp adjusted until the desired diastolic pressure 
was obtained as indicated by the aortic pressure wave displayed on the oscillo¬ 
scope. The clamp on the tube between the aortic chamber and tlie auxiliary 
bottle was then adjusted for the desired systolic pressure. 

The above procedui*e established a “normal” cardiovascular system, and 
recorder charts were taken of the ventricular and aortic pressure curves 
(Fig. 4, A). The ball check valve was then removed and a test prosthetic 
aortic valve put in its place, care being taken that none of the simulator adjust¬ 
ments were moved. Pressure waves were recorded wth the test valve in the 
otherwise “normal” cardiovascular system. Pig. 4, B shows the tracings from a 
east leaflet t.ipe sjmthetie elastomer valve,® a higli degi’ce of stenosis being 
obvious. A Hufnagel valve^ showed only slight stenosis (Pig. 4, C). As a con¬ 
firmation of test reliability, the ball valve Avas reassembled in the simulator and 
pressures recorded. These charts were compared to the initial tracings to de¬ 
termine Avhether the simulator adjustments remained unchanged during the te.st. 
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Notice of Annual Meeting 

The Poitieth Annual Meeting of The Amencan Association for Thotacic 
Surgeiy \nll be held Slay 11, 12, and 13,1960, in Miami Beach, Ploiida Ilead- 
quaiteis will be the DeauiiUe Hotel 

Requests for Hotel Reservations 

These should be mailed diiectiy to Mis Mildied Saiidei, Reseriation Jlaii 
ager, Deauville Hotel Miami Beach, Ploiida Please mention tins Assoeiatioii, 
the type of aeoomraodation desiied, the date, and appio\imate houi of anual 
and depaituie If accommodations aie desired elseiiheie please communicate 
diiectly with the hotel of loui choice 

Material for the Program 

ScIE^ me PaPEiiS— \bstiacts of all papers proposed for piescntation at 
the 1960 eting must be lecciwcd on or bcfoie November 15, 1959, other¬ 
wise they 1 not be consideied by the Piogiam Committee These should be 
labeled “ I thoiacie Suigeiy Foium” ot “Foi Regulai Piogiam” depending 
upon the i i i of the subject mattei, in the same manner as m pievious years 
They shoii 1 ■ tain from 200 to 250 uoids that acouiately leflect the content 

of the eoi 1 t< I paper 

Six, I 't ' clearly legible copies of each abstiact must be sent to Miss 
Ada Ham tdmuiistiative Assistant, The Ameiieau Association foi Tlioiacic 
Smgciv t-aioi) lelet Budding, 7730 Carondelet Aieuue, St Louis 5, Mis 
SOUli 

Essai ists sLlectcJ toi the program are lemmded that papeis piescutcd at 
the mectii , most he lunded to the secretaij immediately aftei their present.i- 
tion If tlici aie not ready at that time theie is a chance that they Mill not be 
published ui Tub Joviaeu^ ok Tiioimcic vnd Cabdiov isculaii Subgeby 
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Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1959, othenvise the 
application will be deferred for consideration until the 1961 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will fonvard a separate letter concerning the applicant directly to: 

Frank Gerbode, M.D. 

Chairman of the Membership Committee 
Stanford University Hospital 
San Francisco 15, California 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Chairman of the Membership Committee should their applicants 
be held over for reconsideration a second year. 
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Original Communications 

THE SURGICAL MANAGEMENT OF COMPLICATIONS OF 
STAPHYLOCOCCAL PNEUMONIA IN INFANCY 
AND CHILDHOOD 

David C. Sabiston, Jr., ALD.,* Edwaid H. Hopkins, Al.D. (by invitation), 
Robert E. Cooke, Al.D. (by invitation), and Ivan L. Bennett, Jr., Al.D. 

(by invitation), Baltimore, Aid. 

S TAPHYLOCOCCAL iiifectioiis liavc assumed particular importance in recent years 
primarily as a result of tlie resistance of certain strains of the organism to 
antibiotics.'"® One of the striking features of this problem lias been the increase 
ill the incidence of stapliylococcal pneumonia in infancy and ehildhood.®"'” 
Foniierly, staphylococcal pneumonia in the early years of life was an infrequent 
disease characterized by high iiiortalitA". A marked change has occurred in botli 
the incidence and prognosis in the past sevei-al yeaz-s. The purpose of the 
present communication is to I’eport a study of staphyloeoccio pneumonia in 
pediatric patients at the Joluis Hopkins Hospital over a period of 4 years. 
Particular empha-sis is placed on the surgical management of complications 
svhieh occun-ed with progi'e.ssion of the disease. 

UESCmPTION OF P.VTIENTS 

General .—The matei-ial on wJiicli this study is ba.sed consists of all patients 
under the ago of 12 upon whom a diagnosis of staphylococcic pneumonia was 
made during tlie period January, 1955, through December, 1.058. During this 

From tho Departments of feurgery, Pediatrics, and Pathologry, The Joims Hopkins Uni- 
\erslty Scliooi of Medicine and Hoi.pltal, Baltimore, Sfd. 

Read at the Thlrty-nlntli Annual Meetinif of The American Asbociation for Thoracic 
Surgery at Los Angeles, Calif, April 21-23, 1959. 

•In\estigiitor, Howard Hughes Medical Institute. 
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time, 67 cases were observed. Tlie age of the patients ranged from 10 days to 
Jl yeans (Table I).^ It is apparent that the disease was most common in the 
first year of life (75 per cent) with a high proportion of the eases oeeurrin<'- 
within the first 3 months. 


r.lB/.E I. Age I.VC'IDEXCE OE ST.VPItYI.OCOCCAE P.VEC'.MO.VI.l 


AGE 

1 I'KEMACV 

' .SECO.VOAKY 


0- 3 mo. 

2.5 

3 


4-12 mo. 

21 

1 


1- 0 yr. 

14 

o 


6-12 yr. 

0 

1 


Totals 

60 

7 



Predisposing Factors. —In the group of 67 patients in the present study, 
there were 60 who had staphyloeoceie pneumonia as the only major illness and 
the pneumonia was coirsidered to be a primary diseases. In 7 patients, the’pneu- 
monia accompanied another severe systemic illness and the pneumonia was 
eon.sidered to be a secondary disease. The underlying diseases in this latter 
group were cystic fibrosis of the pancreas, pyelonephritis, agammaglobulinemia, 
congenital pyloric stenosis, adrenal in.snffieicncy, and congenital biliary atresia. 
Sixteen of the patients had other foci of staphylococcic infections which in¬ 
cluded pyoderma, renal abscess, osteomyelitis, and brain absce.ss. Only 2 in the 
entire group had a history of prematurity. 

Manifestations. —The history in the majoritj- of patients consisted of the 
sudden onset of a respiratory infection with rapid progression of .symptoms. 
This was partieidarly characteristic of the younger children, many of whom 
were gravely ill when first seen at the hospital. In a .significant number of 
patients, symptoms appeared following a previous simple upper re.spiratory 
infection. The manifestations noted in the entire group in order of frequency 
ivere taehiq^nea (61), fever (48), dyspnea (48), cough (33), abdominal disten¬ 
tion (13), and e 3 mnosis (12). On phy.sical examination, dullne.ss on the affected 
side of the chest and diminished breath sounds wmre found in approximately 
three fouiihs of the gi’oup and rfdcs w'erc present in approximately half the 
patients. Fever w'as present in the majority of eases and ranged between 37.5® 
and 40.3® C. In 11 patients, howmver, the initial temperature wms le.ss than 
37® C. 

Bacteriology.—From the majority of the patients, bacteriologic cultures 
w'ere obtained from several sources including the na.sophar.vnx, throat, blood, 
and material obtained on pleural aspiration. In 65 of the 67 patients, a 
staphjdoeoceus (Micrococcus pyogenes) wms obtained from one or more sources. 
The organism was found in 36 of 38 jiatients in wliom pleural aspii'ation w’as 
perfoi’med. In those patients wdthout empyema, a diagnosis was made on the 
basis of a combination of positive cultures from other sources in association with 
a pneumonia characteilzed by the foimation of pneumatoceles. The culture data 
are presented in Table II. Antibiotic sensitivities by the disc method show^ed 
that the organisms were sensitive to novobiocin (95 per cent), chloramphenicol 
(92 per cent), and eiythromycin (85 per cent). Few^ .strains were susceptible 
to penicillin (17 per cent) or streptomycin (15 per cent). 



3<< No \ 
Oct ber 


CO-MPIIG VLIONb OF STAPHYI OCOt CAL PNEUMONIA 


423 


l\BiF IT Stuji\iocoluc Pneumonia 


1 

1 

1 B tCTEIlIOLOa\ 

1 L \fc»LS 

1 CUI 1URLI» 

j CV&Lb 1 

) lOMTUE 1 

lEK CENT 

1 osm\E 

TsaJsopIiirjnx 

-10 

U 

90 

lliroat 


M 

79 

PJeuril fluid 

3S 

66 

95 

Blood 

3S 

7 

19 



life 1 — 1 Cliest film wliicJi i>i)oui> eaiJj staphjlococcal pneunionli with tle\eIoj)njcnt ot 
multipic i)iituiJiatocclLs In tin. left lun? 

li V tension pnciiiiiotiioi i\. developed follouinfe lupture of a pneumatocele Into tiic 
Dleural ca'it> gcvei-il laifec pneumatoceles icmain Tlie mediastinum and trachea are 
shiftel to the lifi-ht 

C Cliost Him mile after intiolucilon of an inteicostai catljeter and re expans>Ion of lunff 
With lelicf of lespiritorj insuiJlcienej 

Ill 13 ot tlie iiioie letcnt patients, tlie stapJijlocotci iiaio been studied foi 
then baeteiiopliagc type Tin, icsults sbowul tluit eiglit ol tlio lliiitctn «eic 
tipe 52/I2B/S1, tiio wcie 44A, and thice wcie untjpable 

Radiugniphy — A pulmonaii infiltiate Mas piesent in all cises Disease 
M.is iiiiilateial iii 'ib oi the 67 patients (87 pci cent) I’leiii il Hind m.is 
obsened in 48 paliuits (72 pci cent) An evimpie of tbis is sbomi in Figr 3, I 
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Empyema characteristically began as a thin layer of fluid present at the 
peiipheiy of the film. Another feature of the radiologic picture was the early 
development of small pneumatoceles in or near the area of pneumonic infiltra¬ 
tion. An example of this is shown in Fig. 1, A. Pneumatoceles were observed 
in 56 of the 67 patients (84 per cent). With the progression of the disease, the 



Fig- 2.— A, Chest film -which demonstrates massive pneumatocele -ivith fluid level The 
patient showed marked evidence of infection and dramage appeared mandatory. The pneumato¬ 
cele extended to the parietal pleura 

B, The cavity -was drained by the mtroduction of an intercostal catheter with marked 
symptomatic relief. 

C, Chest film made 11 iveeks later showing persistence of pneumatocele The patient was 
asymptomatic 

D, Complete disappearance of pneumatocele 15 weeks after onset of staphylococcal pneu¬ 
monia. 

pneumatoceles frequently increased in size and, in 15 patients (23 per cent), 
ruptured into the pleural cavity. The resulting pneumothorax ivith shift in the 
mediastinum produced respiratory distress (Fig. 1, B). In a small number of 
patients a pneumatocele became filled with punilent material and behaved as a 
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lung ab&eesij jVii e\ample of tins complication is shown in Fig 2, *1 In this 
instance the ea\itj had a peiipbeial hoidei iicai the paiictal pleuia and it was 
possible to diam the puculent niateiial tluough a cathetct intioduecd hj the 
use of an iiiteicostal tiocai (Fig 2, B) 

Befiaetoiy einpyeina with collapse of the lung and dei,elopnient of fihiotie 
pleuiisy was lare, being ohseived in oiiK 1 patient In this ease, thoiacotonu 
with piilmonai'} deeoitication was lollowcd In complete ucoieiv (Fig 3) V 
snivel of the ladiologic findings in the cntiie gioup is pieseiited in Table III 



Fip 3 — I, Chest film which shows acute staphilococcal pneumonia of rlj,ht lung with 
<-mp>ema An Inteicostal catheter was emplojcd for drainage of the empyema 

J?, Injection with contrast medium 4 montlis later following failure of lung to expand 
A large empyema cavit> Is shown A large portion of U»o right lung Is collapsed- 

Ct Chest film made after right thoracotomj and puhnonarj decortication The right lung 
has conipletel> re expanded. 


Table III IUdiologic iv 67 Cvsts ot STtPiiVLococct-L PvEUMoMt 



) NUMBER 

j ILRCEST 


Empyema 

48 

72 


Pneumatoceles 

56 

84 


Pneumothorax 

15 

23 


Unilateral disease 

58 

87 


Bilateral disease 

0 

13 
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Aniihncrooiul Drugs .—The treatment oi staphyloeoecal pneumonia is 
primarily medical and antibiotic-.s .should be administered in large amounts. 
The usual initial therapy iu the present stud\' consisted of cliloramphenicol 
and novobiocin. The majority of the patients also received penicillin as the 
bactericidal antibiotic of choice. Despite the loiv percentage of susceptible 
organisms as shoivn by the disc sensitivity method, large doses of tliis drug are 
often effective.^' Di the group of 67 patients studied, cliloramphenicol ivas 
admniistered iu 56 (S4 per eentj, penicillin in 49 (73 per cent), erythromycin 
in 2S (42 per cent), novobiocin in 28 (42 per cent), and streptonn'cin in 4 (6 
per cent). The actual amount vai’ied considerably for each of the drugs depend¬ 
ing on the weight of the child and the severity of the illness. The usual daily 
dosage was penicillui 2 to 10 million units, chloramphenicol 100 mg./Kg., 
erithromyein 50 mg./Kg., and novobiocin 50 mg./Kg. 

Supportive Therapy .—The use of a high humiditi'-high oxi’gen atmosphere 
and judicious infusion of intravenous fluids with correction of electrohde im¬ 
balance are helpful in the management of staphylococcic pneumonia. The 
administration of gamma globulin in large doses (0.2 Gm. per kilogram of 
body weight) to infants under 1 year of age may be indicated because of the 
presence of physiologic hn)ogammaglobulinemia. 

Surgical Aspects .—^Needle aspiration of the chest was performed in 48 (73 
per cent) of the 67 patients. This procedure frequently leads to an immediate 
baeteriologic diagnosis. In addition, the removal of purulent material from 
the pleural ca\dty was of definite therapeutic benefit in many instances and maj' 
prevent the development of more .serious complications. In 28 patients (43 per 
cent), an intercostal catheter \'as in.serted under local anesthesia either for 
drainage g large empyema •. the relief of a tension pneumothora.x or a 
combinal" th (Table 1 e.xample of the use of closed catheter 
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otUciwiSL normal A film s1io\nc1 an n.cumuUUou of tiuid ami ur in the right chest with 
a 5>hift of tliL mcilusliuum to the left (Pig 3, J) tlioi iccntcsis was performed with 
rtiuo\al of the air and purulent material A smear of the pleural aspirate showed gram 
positive COCCI which liter proved on culturi to be iKiuoljtiu Siaphylococtus axncits An 
intcrcost il c. ithctcr was introduced under local iiicstlusia with turthcr remov il of air uid 
obvious improvement m respiratorj function Ptiuedlui and crjthionijcin were begun ind 
the child’s condition rapidlv improved \Vithin •*evcia\ divs it \ Lcaine ncccssirv to introduce 
additional i. ithetcrs m an effort to diain more a<kquaUlv the empjema This was not success 
ful and it was eventually ncccsavry to institute open dr image 1\ nb resection Vn evecUent 
cbnicil response followed and the patient was discharged from the liospital On June 14, 
IDab, she was readmitted due to persistent diauiigc from the cmpvcmi civitj Instillation 
of radiopvque medium showed v large chrome ctnpjcma cavity (Fig 3, B) A right 
llioricotomy was performed and a thick, fibrotic pleura was found covering tlie entire lung 
V pulmonary decortication was performed vvitU complete expulsion of each of the thicc lobes 
I'ollowing operitiou the child did well md became completely asymptomatic 1. liiul chest 
him lb shown in Tig 3, C and is c^bintially normal 

nrsuLTb 

The cases studied lu the piescnt senes iseic divided into pnmatij and 
sccondaty gioiips Tlioic v'cic 60 patients in the piiniaiv gioup and of these 3 
died (8 pel cent) (Table V) Of tlic 7 patients ni the seoondaiy gioup, all 
sutoiimbcd 

An anahsiis of the 5 deaths ni the ptinuaij gionp leveals tint in each m 
stance the child was in the voimgci gioup, being 1 veai oi less of age, and 4 of 
the 5 vvoio uiidet the age of 3 montlis (Table V) Foui of the 5 infants died 
witlim 72 houis aftei admission Thicc had bihiteial pneumonia (Tal)lo V'’!) 
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Antimicrobial Drugs .—The treatment of staphylococcal pneumonia is 
primarily medical and antibiotics should be administered in large amounts. 
The usual initial therapy in the present study consisted of chloramphenicol 
and novobiocin. The majority of the patients also received penicillin as the 
bactericidal antibiotic of choice. Despite the low percentage of susceptible 
oiganisms as shown by the disc sensitivity method, large doses of this drug are 
often effective.^' In the group of 67 patients studied, chloramphenicol was 
administered in 56 (84 per cent), penicillin in 49 (73 pei* cent), eiythromycin 
in 28 (42 per cent), novobiocin in 28 (42 per cent), and streptomycin in 4 (6 
per cent). The actual amount varied considerably for each of the drugs depend¬ 
ing on the weight of the child and the severity of the illness. The usual daily 
dosage was penicillin 2 to 10 million units, chloramphenicol 100 mg./Kg., 
erythromycin 50 mg./Kg., and novobiocin 50 mg./Kg. 

Supportive Therapy .—The use of a high humidity-high oxygen atmosphere 
and judicious infusion of intravenous fluids with correction of electrolyte im¬ 
balance are helpful in the management of staphylococcic pneumonia. The 
administration of gamma globulin in large doses (0.2 Gm. per kilogram of 
body weight) to infants under 1 year of age may be indicated because of the 
presence of physiologic hypogammagiobiilineinia. 

Surgical Aspects .—Needle aspiration of the chest was performed in 48 (73 
per cent) of the 67 patients. This procedure frecpiently leads to an immediate 
bacteriologic diagnosis. In addition, the removal of purulent material from 
the pleural cavity was of definite therapeutic benefit in many instances and may 
prevent the development of more serious complications. In 28 patients (43 per 
cent), an intercostal catheter was inserted under local anesthesia either for 
drainage of a large empyema or for the relief of a tension pneumothorax or a 
combination of both (Table IV). An example of the use of closed catheter 

Table TV. Staphylococcal Pxeumoxia 

Thoracentesis 
Intercostal catheter 
Open chest drainage 
Pulmonary decortication 


48 (73%) 
28 (43%) 
1 
1 


drainage in a patient -with a large empyema collection in a massive pneumatocele 
is shouTi in Pig. 2. Similar drainage for a tension pneumothorax following the 
rupture of a subpleural pneumatocele is shown in Fig. 1. The use of an inter¬ 
costal catheter was sufficient to drain the empyema in all instances except one. 
Open drainage by rib resection and pulmonary decortication for fibiothoiax 
with compression of the right lung was necessary, as illustrated in the following 


ease. 

Case history: A l-month-old white female was admitted to the Johns Hopkins Hospital 
on Peb. 1, 1956, with a history of sudden onset of severe pharyngitis the previous day. She 
had been treated by her pediatrician with an injection of penicillin. On the day of at- 
mission the infant was found quite dyspneic and cyanotic in bed. On e.xamination, the tem- 
T.erature was 37.8° C. and marked dyspnea and cyanosis were present. The right chest na 
dull to percussion and no breath sounds were heard. The left chest was hyperresonant but 
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otlicrwi'tc uoriufil. A film bhowcil au aocumulatiou of lluid ami air lu tlie riglit chast uitli 
a sjluft of the inediastiiuim to the left (Pig 3, J). A thor.iccntesU wius performed with 
removal of the air and purulent material. A smear of the pleural aspirate showed gram- 
po&ithc COCCI which later proved on culture to he hemoljtic Staphylococcus aureus. Au 
intercostal catheter was introduced under local anestliesia witli further removal of air and 
ohvious improvement in respirutorj fiinctiou Penicillin and erythromycin were begun and 
lim child's condition rapidlv impiovcd. Within seveial days it became necessary' to introduce 
additional catheters m an effort to dram moic adequately the cmpymia. This was not success 
ful and it was eventually ncce-'s.iry to institute open drainage by nb resection. An excellent 
dmical resjionso followed and the patient was discharged from tlic hospital. On June 14, 
1950, she was readmitted due to peisistont drainage from tJic empyema cavity. Instillation 
of radiopaque medium sliowcd a large cliroiuc empyema cavity* (Fig. 3, J>). A right 
thoracotomy was performed and a thick, filirotic pleuia vv.is found covering the entire lung. 
A imimonary decortication was performed with complete expansion of each of the three lobes. 
I’ollowing operation the child did well and became completely' asymptomatic. A hhal chest 
film IS shown m Fig. 3, C and is essentially norinai. 

RESULT^ 

The CAMS studied iii tlio present senes ueic divided into primary and 
'.ecoudaiy groups Tiioro were 60 patients in tlio primary group and of tlie.se 5 
died (S per cent) (Table V). Of the 7 patients in the sccondaiy gioup, all 
succumbed 

An analysis of tlio 5 deaths in the p)VHa)>j gioup i-oveals tliat in caeli in¬ 
stance the child was in the younger group, lieing 1 year or less of age, and 4 of 
tlic 5 weie under the age of 3 moidhs (Tal)lc V). Pour of the 5 infants died 
w'ltliiii 72 lioiirs after admission. Three had bilateral pneumonia (Table VI). 


Tiuls V MonrsLiTY in Pi.im.sry &TAritvi ococcai. Pssumonia uy Acs Gboui'b 


AGb U.VNCb 

{ CASLS 

Miirillll IIIiIIIIIiIMI 

0 .3 mo 

25 

17 

4 12 mo 

21 

5 

1 0 yr 

14 

0 

Over G 

0 

0 

Totals 

00 

aS 


T.VUSE VI. 1IOKT.UITY IN PllIM.U.Y bTAl’HYLOCOCC.VI, P.NSUMOMS 


1 

1 

E\TEN r OP 

[ J'lvfcUlUL 

ll^TtKCOSTALi 

i>tVOP [ 

CASL 1 

AGF 1 

I’M.UMOMA 

1 CULTURE 

1 CATUETER i 

DEATH* 


D J 

13 da 

Empyema Witli pneu 



matocelcs, left 

A V 

1 

Bilateral empyemi 



and left pneuino 



Ihoiax 

B C 

2 mo. 

Bilateral pneumonia 



and riglit empyema 

E K 

5 wk 

Bilateral empyema 

R A 

214 mo 

Bight empyema and 


(autopsy) 


Ptiuatiionui, 

•ind cnip.u u.i cf 
left lung 

A’oue 


j 


S3 J 


•Days after admhslon 






428 


SABISTON, HOPKIlsrS, COOIvE, BENNETT 


J. Thoracic and 
Cardtovas. Surg. 


In tlie secondary group, the primary diseases included cystic fibrosis of the 
pancreas, nephritis, agammaglobulinemia, adrenal insufficiency, congenital 
hypertrophic pjdoric stenosis, and biliary atresia. In 2 patients, the pnetunonic 
process involved both lungs and in 5 others it was unilateral (Table VII). 


T.VBLE VII. Mortality in Second.\by Staphylococcal Pneumonlv 


CASE 

AGE 

PRIMARY DISEASE 

KXTEXT OF 

pneumonia 

PLEUKAE 

CULTURE 

INTER¬ 
COSTAL j 
C.VTHETER 

AUTOPSY 

L. tT. 

1 nio. Cystic fibrosis of 
pancreas 

Left pneumonia, 
pneumatoceles, 
and empyema 

•f 

0 

Cj'stic fibro-sis of 
pancreas; multiple 
abscesses of left 
upper lobe and left 
empyema 

D.H. 

4 mo. 

Hypoprotlirombi- 
nemia; pyelo¬ 
nephritis (GTJ 
anomaly) 

Bilateral 

pneumonia 

Not done 

0 

Pneumothorax and 
multiple lung ab¬ 
scesses; congenital 
anomaly of renal 
pelvis 

C. C. 

5 JT. 

Agammaglobuli¬ 
nemia, bilateral 
mastoiditis, and 
brain abscess 

Riglit pneumonia, 
empyema and 
pneumatoceles 


■t* 

Multiple Tirain ab¬ 
scesses and hemor¬ 
rhage in parietal 
lobe; right empy¬ 
ema and bilateral 
pneumonia 

K. F. 

2 mo. 

Congenital hyper¬ 
trophic pyloric 
stenosis 

Bight pneumonia 
and pneumo¬ 
thorax 


+ 

Congenital hyper- 
tropliic pyloric 
stenosis; bilateral 
pneumonia and em¬ 
pyema; multiple 
lung abscesse.s 

D.L. 

3 mo. 

Cystic fibrosis of 
pancreas 

Bight empyema 
and pneumonia 


0 

Cystic fibrosis of 
pancreas; right 
empyema and 
pneumonia 

C. G. 

1 mo. Adrenal 

insufficiency 

Bight pneumonia 
and abscess 

+ 

0 

Bilateral, massive 
adrenal hemor¬ 
rhage (history of 
adrenal insufficiency 
since birth) ; right 
pneumonia and 
abscess 

C.N. 

21 mo. 

Congenital biliary 
atresia 

Bilateral 

pneumonia 

Not done 

0 

None (congenital 
biliary atresia at 
exploratory lapa¬ 
rotomy and con¬ 
firmed by liver 
biopsy) 


DISCUSSION 

The problem of staphylococcic infection has assumed renewed importance 
in recent years. The details of the development of resistance to antibiotics by 
this group of organisms and their role in nosocomial infection are so familiar 
as to require no repetition here. Several excellent reviews are available. 

Pneumonia in childhood due to the staphylococcus has been long regarded 
as a serious disease which is frequently attended by a number of serious com¬ 
plications. In the pre-antibiotie era, the mortality, particularly during infancy, 
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was quite liigh In 19 JG, ILicGitgoi’'' icpoitcd 10 piovul cists m whuli all 
tile patients died The sulfainumdes jintialh iifTucd some piolcelion but witli 
the intioductioii oC pciueilliu signihciut iinpioviiiitnt in the losnlts occiuitd 
Ivanof and associates,*'^ in 1953 , itpoitod a gioup ot ihiMn n with staphylocotcic 
pneumonia lioated with sullonamidcs atom and touiul tin inoitalitv to be 50 
pci cent, when sulfoiiaiiiidc was coinbuicd with piiinillui the nioitahty tell to 
25 poi cent JIoic leceut studies lia\e iipoiti 1 a mmtiliti bitwcdi 0 and "1 
pel cent “ “* 

The piiniaii theiapi in staphiJococcu pmimiomi ciiisisK oi tin adinmis 
tiation of antibiotics In the p tst, peuiciUiu was the 0^,1111 oL ehoin but, with 
the mcicasmg incidence ot “pcmcilliu icsistaut org.uiisms, ’ the othii intibiotus 
mcludiiig ehloianipliemcol and eiythiomjtin, haie bun fiuiULiilh emjiloiid 
eitliei singly 01 111 eonibination Iii the picsent sines tin oignusms won 
chiefly sensitnc to chloianipheuKol, eijthioni\im, mil nonibifnin mil tlnsi 
antibiotics weie used in most mstaneos In addition penuillin was iilnniiis 
tcied to many of the tntienls in lecogmtum of the tut lint tin sf ipln Ions i us 
maj often be sonsitnc to high loneenti itions ot this hiiifni igmt In 
maiij. mstaneos, the disc nutluid shows icsist nice to pcmeillm wbeins ln_h 1 
eoiiceiitiations in scnal dilutions wilt dcmousliate snisitniti ” I'niirillin lu 
high dosage was adniiiiistcied in association with otlici antibiotns in 71 pu t m 
ot the patients in tins senes 

The role of suigeiy in staplnloeoceic piioumoma is eonrmul to ilu 11 o 
meiit of eompheatioiis which oeiui with the piogiisnon of 11 I 1 

basic pathologic pioccss 111 this tjpc ot piuiimomi is o I is nuiosis with 
abscess toiinatiou which tan imohc a lobe 01 m 1 uiu Inii,; I'iciii il empioma 
tends to appeal eatl> The abscesses ofim nlnijc md obstiiict 01 iinoUe 
directly the bioiichioles and smallci bionchi Tension blebs (pneumatoceles) 
aic thus cieated m a high pciccnt igc ot nscs Pneumatoceles aie paiticnlaili 
Uhclj to foiiii in ehildieii and tliosc just beneath the plenia often peiloiato and 
pioduec a tension pnciuiiothoia\ Piopneumolhoi i\ is ahiiost diagnostic of 


staphylococcic infection in pediatiic patients 

Aspiiatioii of till punileut matenal fioiii the pleuial canty is of diagnostic 
aid, leheics the tone manifestations of iiiuUanied stapinlococeie pus, and 
pemuts expaiisimi of the lungs The necessity Joi diamage ot the pleuia eanfi 
>S deteimi.ied by the th.elvncss and an.omit ot punilent matci d as well as the 
tOMcity of the itient Continuous pknral d.a.nagc is not indicated, howci ei 
■a alltvscs of cmpiema I" 

cases 01 c la ,,,teieosfjl diamagc was peifouncd m 2S (43 pu 

laients (72 pel ^ ‘,,3 j had associated pneumolhoias Caily and 

«ilt) and, of these, " jj piestnt the development of the moic tiouhlcsome 
adequate drainage 0 P ' pulmou<uy deeoitic ition In nrtualK all eases, 

hbrothoia\ and the nece .^^^^mph^hed by the mtiodiietion of an mtcieostal 
adequate diainage ein a eonsistent efteetiuness ot closed dramagi 

eathetei tluoiigh a cousideiably'from the u ' u 

'n staphylococcal cnipj ^ ^liaina^c with itb re-scction. is 

countered u\ aduhs, '' .— 
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necessary. Closed intercostal drainage may be lifesaving when performed as 
an emergency procedure for the relief of tension pneumothorax. Tliis complica¬ 
tion occurred in 23 per cent of the patients studied in the present series and 
occurred on repeated occasions in several patients. Tension may also occur in a 
pneumatocele and require catheter drainage, as emphasized by Watkins and 
Hei’ing.— The introduction of a catheter into the chest through a trocar is 
simple and easily perfonned. Complications from the procedure are rare Avhen 
it is pei’fornied carefully. This method may be highly recommended in the 
management of the complications of staphylococcal pneumonia and has been 
endorsed in I'ecent publications as the procedure of choice by Bloomer and asso¬ 
ciates,^® Hertzler, Miller, and Tuttle,-® and Watkins.’® 

Another complication Avhich may occur in patients in whom an empyema 
becomes chronic is fibrotic pleurisy (fibrothorax) producing partial pulmonary 
collapse (“captive lung”). When this occurs, open thoracotomy Avith complete 
pulmonary decortication should be employed Avithont liesitatioii. Tlxis pro¬ 
cedure Avill rarely be neeessaiy if the empyema is adequately drained and the 
lung re-expanded early in the course of the disease by proper selection of initial 
therapy. 

The results obtained in staphylococcal pneumonia in infancy and child¬ 
hood in tliis and other recent series are encouraging. An analysis of the 12 
deaths which occurred in the 67 eases reported here indicates that fulminating 
infections or other complicating disease, rather than recognizable surgical com¬ 
plications, Avere important in the outcome. Much progi’ess has been made in 
the early recognition and surgical management of the pulmonary tension and 
suppurative complications of a staphylococcal pneumonia, and death as a result 
of such problems should be rare. The hope at present is for further advance in 
the medical management of those patients Avith rapidly progressive disease 
characterized by severe toxic manifestations in the fii’st feAV months of life. 

SUJIMARY 

A definite increase in the incidence of staphjdococcal pneumonia in the 
pediatric age group has occurred during the past several j'ears. A group of 67 
patients Avas studied, and the incidence and management of surgical complica¬ 
tions have been eA'aluated. Continuous drainage by the closed technique Avas 
employed in the more seA-ere cases of empyema Avith good results. The develop¬ 
ment of tension pneumothorax demands immediate catheter drainage for decom¬ 
pression and re-expansion of the lung. Proper selection of therapy early in the 
course of the disease prevents the development of more severe complications 
such as chronic empyema and fibrothorax. The prognosis in primary staphylo¬ 
coccal pneumonia is good and the mortality is largely confined to the group, 
under the age of 3 months, Avith ovenAdielming infection. In those instances 
in which the disease is secondary to another severe systemic illness, the prognosis 
is quite poor. 
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14 Schniek, IT Recurrent Staphvlococcus Vurcus Pntumonta and Fnpuma treated 

With Novobiocin T Pcdiat 50 >70, 1957 

15 Calvjj G L, and Schumacher L R Ristocetin and the St»i hvlococcus Oh-'crva 
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Strains of Homolvtic Staphvlococcus to a Senes of Vntihiotics A Af V irrh 
Int Aled 100 M27, 1957 

18 MacGregor, \ R Staphvloeoccal Pneumonia, Vrch Dis Children 11 1^5, J03G 

19 Ivanof A, Lpatein B S, Krimer, B and Mauss, I Stiphjlococca! Pneumonia and 

I nviij cm i, Pediatrics 11 5S5 19o5 
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DibtUSSlON 

DR RICH VRD II AIEADE, Gland R ipids, Mich—I think that was a ver} excellent 
presentation of a verj important subject The onl> rcison I arise is to supplement whit 
h Is been said 

I heard the speaker refer to an article m 1976 He did not refer to the irtj Ic 
written bj Xeuhof in 1930, I believe it was, in which he di-Jcussed this subject c^poei ilU 
unong infants uid >oung children I didn't look up the figures before I came hero, so 
I uiiv be wrong, but m> iniprcissiou is that m that carl) di), before sulfonamides and anti 
inoticH hjs mortality rati w vs ibout the saim i'' that rcportid tolas 

1 think it IS important for those intu in liu auheuee who hive grown up in (hi 
vutibiotie era to realize that one coall do surgeiy in the davs before the antibiotics, mtl 
that the treatment of empjenia is todiv essentially the simo aa it w is then It h « {ib 
bshing a<le<ju ite dr image it tlie proper time 

I think this IS i verv interesting jiaper, is I saiJ before 
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DR. JOHN M. SNYDER, Bethlehem, Pa .—I would like to compliment Dr. Sabiston 
and his group on their very respectable mortality rate. My personal experience has been 
limited to about a third of this number of patients, all of whom had surgical complications. 
Unfortunately, the mortality was about triple that reported. 

About 1 in 4 had bilateral disease and the results were rather uniformly fatal. Of 
the ones with unilateral disease who died one of them did show at postmortem an interesting 
complication of a mediastinal abscess. I would like to present at this time a rather 
interesting ease of a patient in whom there was a delay of approximately a montli in the 
appearance of a major complication, 

(Slide) Incidentally, our deaths were all in patients under the age of 6 months. 
This slide shows a six-month-old female infant with early disease in the right side which 
2 days later showed a typical pneumothorax. A catheter was placed in the chest (slide) and 

2 days later the film showed satisfactory expansion of the lung (slide), and 1 week later, 
after removal of the catheter, the child was doing fairly well on intravenous Spontin and 
Chloromycetin. 

(Slide) There was nothing of much note except to see some early pneumatoceles forming 
to the right of the heart, and 1 week later, prior to discharge, they were a little bit larger, 
but the child was having no particular difficulty, seemed to be clinically well, and was 
returned home under the care of the pediatrician. 

(Slide) Two weeks later the child suddenly had severe dyspnea and was brought 
into the hospital, and now tliis slide shows tension pneumatoceles with deviation of the 
mediastinum, pushing the heart over to the left with an anterior mediastinal herniation, 

(Slide) Catlieters were placed into the right chest, but unfortunately we did not 
seem to have them in the proper place initially. One was in a pneumatocele; one was in 
the pleural space. 

(Slide) An additional catheter was placed into the larger pneumatocele (it doesn’t 
show too well on tliis slide) but there was beginning now to be a return of the medias¬ 
tinum to the normal position. 

(Slide) Increasing the suction on the catheters, 1 week later we had a rather re¬ 
spectable looking chest. 

(Slide) Two weeks later I was out of town and a friend who was looking after 
the patient was loathe to remove the catheter. At this point, the catheter had been clamped 
for a week. There was no obvious recurrence of the pneumatocele; the catheter was 
removed, and the child remained well and has been well since. 

There was fully a month’s delay before the development of the tension pneumatocele, 
and I think it illustrates the need for vigilance over a considerable period of time in 
these eases. 

DR. GABRIEL P. SELET, New York, N. Y.—As has already been mentioned, this 
disease was extensively described bj' Dr, Neuhof in the early 1930's. 1 had the privilege 

of working with him at that time and continued to work with him for many years. 

I would like to mention briefly one complication that has not been stressed today, 
and that is a chronic staphylococcic empyema. At the termination of the treatment for the 
acute empyema, whether it be by catheter drainage, rib resection, or even decortication, 
these patients wUl often develop a chronic empyema. This is manifest after approximately 

3 months by a residual shadow in the pleural cavity, commonly termed thickened pleura. 

I know if Dr. Neuhof were here he would mnke this much more dramatic than I am doing 
it, because one word he never could stand was “thickened” pleura. Thickened pleura to 
liim always meant a chronic empyema if it lasted for more than 3 months after the treat 
ment of a “staph” empyema. 

Now, if there are some shadows in the lower chest, that is, distortion of the diaphragm 
or some adhesions, that was acceptable, but if there was anjuliing which really represented 
a thickened pleura, this actually means a chronic pleuritis or empyema. 
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We luiTO had eases nou with free mtenals as loiifj as 5 yejrs, several cases up to 10 
jears and, uithm the Inst 2 mouths, a patient entered the hospital who had a chrome 
oinpjenia who had hud no symptoms for 34 jears At operation this turned out to be a chrome 
staph)lococcjc emp)cnm. The treatment of chronic euip)ema is dramago witli or without 
decortication as indicated 

DR. THOMAS C. ilOORE, Indianapolis, liul—1 wish to compliment Dr. Sabi&ton 
on a very interesting and valuable stud) I should lihe to confine my comments to one 
phase of the complications of staphjJoeoccal pneumonia in infancy and childliood, that 
reliting to tlic formation of post pneumonic pulmonary abscess formation 

Lo-st fall I roiiorted an cxpencnco with four lobectomies earned out for post 
pneumonic lung ab^ce^s in infants and children In all of these eases the ab'^t ess ^\a'« due to 
hcmol)tic Sta 2 )hyiococcus axtreus This made us somewhat euiious as to the occurrence of 
a number of cases of lung abscess due to this organism, and we reviewed, Dr Batter'^bv 
and I, the experience at the Indiana IJmversity Medical Center with pulmonary abscess 
during a period of 2o years. This review is just nearing completion. 

Wo found a total of 49 cases of pulmonary abscess in infancy and childhood How 
ever, the majority of these cases occurred as diffuse and often, nuharv ab'-cfss foimatious 
Only 18 were isolated pulmonary abscesses. Fourteen of these cases of pulmonai-v abscp'^s 
occurred prior to 1948 and only 4 since that time 

Wo also were interested in tho number of cases which were post pneumonic \Io t 
reports suggest that post pneumonic abscess in infants and children is ratlier rare and 
when abscess formation does occur, that it usually occurs as a postoperative complication 
We found tJiat, of our IS cases of isolated pulmonary abscess, 13 were post pneumonic 
2 were due to foreign bodies, 2 to aspiration, and 2 others to feeding problems and t) 
mental deficiency. 

The bacteriology m the post pneumonic abscesses was of cousidcrablo interest to us 
We had bactenologic studies available in 11 of tho 12 cases of post pneumonic abscess 
Six of these were duo to Stapliylococcns aurevs One was due to Staphylococcus alhus, 
and 4 to streptococcus 

The majority were managed by nonoperative measures since they occurred largely in 
the pre antibiotic era. Eleven, cases wero so managed. Seven of these occurred m the 
pre antibiotic era and all 7 died. Four were managed medically with antibiotics and 2 
of these died for a mortality of oO per cent Surger) was earned out in 7 cases, nb ro 
section with drainage in 1, and pulmonary resection in 6 All 7 of these patients survived- 
We felt that these results of operative as compared with nonoperative means were of 
some intcrebt 

The deaths in tho non operatively managed cases viere largel) due to brain abscess 
and puTwlcwt mcnvngvtia. These compUcatious occurred m. 5 of the 9 deaths 

Although few of the cases of staph) lococcal pncumoini, in wluch pulmonary abscess 
occurs, may come to operative intervention of a resectional nature, wo feel that resection 

should he earned out if tho abscess does not respond to appropriate, vigorous aiitibiutie 

therapy, or if it does respond and a largely destroyed lung remain*, as a sterile cvstic miss 

DR ROBERT J JENSIK, Chicago, Ill.—I would like to ask tlie autliora if all 
of their experiences wuth residual pneumatoceles responded as beautifullv as the one tliat 
was demonstrated. 

I bring up this point because in the past jear we have seen 4 infants, Ul under 

a )oar of age, in which tho air spice, instead of disappearing, enlarged to the point whore 

practicall) no visible lung pirenehynia vias seen, and with some reluctance we did place 
catlietcrs in tliese pneumatoceles 

We realized that a possible pleural space problem was apt to develop, in addition to 
the drainage of this pneumatocele, but m all cases we were able to see a reduction in sizo of 
the pneumatocele with eventual complete resolution at a rather fast rate. 
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DE. JOHN M. SNYDEE, Betlileliem, Pa .—I would Eke to compliment Dr. Sabiston 
and his group on their very respectable mortality rate, ily personal experience has been 
limited to about a third of this number of patients, all of whom had surgical complications. 
Unfortunately, the mortality was about triple that reported. 

About 1 in 4 had bilateral disease and the results were rather imiformly fatal. Of 
the ones with unilateral disease who died one of them did show at postmortem an interesting 
complication of a mediastinal abscess. I would like to present at this time a rather 
interesting case of a patient in whom there was a delay of approximately a month in the 
appearance of a major complication. 

(Slide) Incidentally, our deaths were all in patients under the age of 6 months. 
This slide shows a six-month-old female infant with early disease in the right side which 
2 days later showed a tj-pical pneumothorax. A catheter was placed in the chest (slide) and 

2 days later the film showed satisfactory expansion of the lung (sEde), and 1 week later, 
after removal of the catheter, the child was doing fairly well on intravenous Spontin and 
Chloromycetin. 

(SEde) There was nothing of much note except to see some early pneumatoceles forming 
to the right of the heart, and 1 week later, prior to discharge, they were a Ettle bit larger, 
but the cMld was having no particular difficulty, seemed to be clinically well, and was 
returned home under the care of the pediatrician. 

(SEde) Two weeks later the child suddenly had severe dyspnea and was brought 
into the hospital, and now this slide shows tension pneumatoceles Avith deviation of the 
mediastinum, pushing the heart over to the left with an anterior mediastinal herniation, 

(SEde) Catheters Avere placed into the right chest, but unfortunately we did not 
seem to have them in the proper place initially. One Avas in a pneumatocele; one Avas in 
the pleural space. 

(Slide) An additional catheter Avas placed into the larger pneumatocele (it doesn’t 
show too Avell on this slide) but there Avas beginning now to be a return of the medias¬ 
tinum to the normal position. 

(SEde) Increasing the suction on the catheters, 1 Aveek later Ave had a rather re¬ 
spectable looking chest. 

(SEde) Tavo weeks later I was out of town and a friend aaEo Avas looking after 
the patient Avas loathe to remove the catheter. At this point, the catheter had been clamped 
for a AA'eek. There was no obvious recurrence of the pjieumatocele; the catheter A\’as 
removed, and the child remained Avell and has been Avell since. 

There Avas fuEy a month’s delay before the development of the tension pneumatocele, 
and I think it Elustrates the need for AUgilance over a considerable period of time in 
these cases. 

DE. GABEIEL P. SELEY, New York, N. Y.— As has already been mentioned, this 
disease Avas extensHely described by Dr. Neuliof in the early 1930’s. I had the privilege 
of working Avith him at that time and continued to Avork with him for many years. 

I would Eke to mention briefly one complication that has not been stressed today, 
and that is a chronic staphylococcic empyema. At the termination of the treatment for the 
acute empyema, Avhether it be by catheter drainage, rib resection, or even decortication, 
these patients AviE often develop a chronic empyema. This is manifest after approximately 

3 months by a residual shadoAV in the pleural cavity, commonly termed thickened pleura. 

I knoAV if Dr. Neuhof Avere here he Avould make this much more dramatic than I am doing 
it, because one Avord he never could stand aa’us “thickened” pleura. Thickened pleura to 
him alAvays meant a chronic empyema if it lasted for more than 3 months after the treat 
ment of a “staph” empyema. 

Noav, if there are some shadows in the lower chest, that is, distortion of the diaphragm 
or some adhesions, that was acceptable, but if there was anything which really represented 
a thickened pleura, this actually means a chronic pleuritis or empyema. 
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DR. DAVID WATKINS, Denver, Colo.—I wisli to congratulate Dr. Sabiston and his 
associates for a most enlightening and valuable contribution to our understanding of this 
disease. 

This disease may be primarily bronchogenic and develop by intracanalicular spread, 
or it may be liematogenous. 

(Slide) Gradations are seen here between zones of necrotizing pneumonitis and 
acute microabscess formation. These microabseesses become confluent and form larger 
consolidated abscess cavities. Pleural surfaces are involved in all cases. 

(Slide) This abdominal x-ray was taken of a 3-month-old infant 4 days before 
death from overwhelming staphylococcal pneumonitis. The marked ileus illustrated here 
is, in our experience, characteristic of a severe downhill course. It may mimic an acute 
intra-abdominal catastrophe. 

(Slide) This 7%-year-old boy was struck ui the nose by a football and developed 
a nasal septal abscess, orbital cellulitis, and meningitis due to the staphylococcus. On 
the fourth hospital day he developed a left tension pneumothorax and later that evening 
a right pneumothorax. At ten o ’clock that night he developed cardiac arrest, which was 
treated with good recovery. 

Eighteen days later he developed another tension pneumothorax. Following bouts of 
multiple pneumatoceles, this boy recovered completel}'. Because of the fulminating nature 
of these infections, the extensive destruction of pulmonary tissue, and a high mortality 
rate, especially in children less than 1 year of age, immediate antibacterial therapy is 
mandatory. While in the vast majority of eases a bacteriologic diagnosis and antibiotic 
sensitivities are easily arrived at by conventional methods, in those cases which present 
difficulty, lung puncture may be a valuable diagnostic aid. 

DR. SABISTON (Closing).—In answer to Dr. Jensik’s question, wc have had only 
1 patient who had a persistent pneumatocele which was troublesome. A catheter was placed 
into the pneumatocele and suction was applied for 48 hours "with complete disappearance. 

In closing, I would like to express my appi-eciation to Drs. Meade, Snyder, Seley, 
Moore, Jensik, and Watkins for their interesting contributions to the discussion. 



SURGICAL TREATMENT OF PULMONARY 
COCCIDIOIDOiMYCOSIS 


A Ten-Year Study 

Beit H Cotton, A1 D, Pasadena, Calif, and [ W'' 

Btisnei,AlD (b) tniitation), Bakeisfield Calif 

T HIS Pipcii toiitaiub luitlici obsciiatioiis on pulinonaij coccidioulomjcosis 
to suijpltment a piehmiiiao lepoit of 30 cases of suigical tieatment 
picsentod betoio The Aineni.aii Association foi Thoiaeio Suigei-j' in 1950 
The total mimbei of eases in nhieh theie «as siiigieal tieatment has non 
gionn to 144 (Table I) 


TIUI.E I 144 Sopoicu Cists 


1 Civities 


(i) Piieuinoncctonij 

11 

(b) Lobectomj 

oi 

(c) P irtitl lobcctom> 


2 CoftidiuKU 

12 


Altogetliei 1,100 cases of pioicd piilinonaiy coceidioidouiyeosis have been 
aiialypLcl, the patients eoimng lioin the southern pait of the San Joaquin 
s alley, svheie the disease is eiideniic, and fiom neighboiing Los Angeles 
County All cases iveic tonfiimed bj coiuplcinent ti\ation tests and/oi inieio- 
scopie demonstration of spheiules in sputum cultuius, animal inoculations, 
ind studits of suigical oi autopsy matciial 

Aithiospoies earned by dust seem to be lespoiisible foi the gieatest 
numbti of infcttiuns in animal hosts Liidenee is non available'* that the 
host may be sensiti/cd by a small dose of aithiospoies, as demonstiated by 
a positise skin test, and subsequently icinfccted by esposiiie to a laiger dose 
(d aithiospoies The oiigiiial intectioii is luoie likely to be follontd by dis 
simulation, itinfcction on the othu band, fieqiieiitly leads to iiulmonaiy 
gianulomatoiis lesions nith casitatioii "Massne doses of spheiules oi endo- 
spoics mil also icsiiU in infection of the host as demonstiated by accidental 
jieiciitaneoiis injection of pus fiom the lesion of anothei subject, and by the 
obsenation that the disease otcasioiiallj sjiieads dm mg the acute phase fiom 

lie 1 1 i‘ tlic TJiirt\ ninth \nnual t-ilnp of The \mLrlc.in \ssocI iHon for TJioricIc Sur 
It L.o- 4 \nff»Ies Cnlif \pnl 2] -.1 19d9 

•Butt rdu ird Af -in 1 BidtHc JfjiJoiIe Paler in preparation 
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one lobe to another. These newer findings supersede the statements made 
in onr earlier pa^jer to the effect that arthrospores (ehlamydospores) 2’epresent 
the only infective stage of the fungms, and that reinfection is unlikely, 

TftA CHEOBRONCIIIAP 31ANIFESTATIOXS 

Since the arthrospores enter by the pulmonary portal, we proposed the 
hypothesis that, in the absence of radiologic findings, many attacks of acute 
tracheitis and bronchitis must be presumed to be tracheobronchial manifes¬ 
tations of coccidioidomycosis. By 1953, 100 patients had been bronchoscoped 
during the active phase of the pulmonary disease, and it was found that in 
the beginning eoceidioidomyeosis is primarily tracheobronchial in distribution. 
These findings were interesting from a diagnostic standpoint as well as in 
their correlation with the clinical course and changes in the roentgenogram. 
Endobronchial lesions present generalized redness and hyperemia of the mu¬ 
cous membrane, the degree of reaction corresponding to the severity of the 
bronchitis. In eases in which the roentgenogram demonstrated parenchymal 
involvement, we were able to observe, in the draining bronchus and adjacent 
areas, progression to submtico.sal infiltration, in some eases with pin-point 
superficial ulceration. Granulation, however, was rarely encountered. Ee- 
tained thick tenacious mucus filled the bronchus and covered the ulcers. The 
mucus was white to brown and had a shiny or enamel-like appearance. Oc¬ 
casionally, mucopurulent secretion was seen to flow from a draining bronchus 
in an area of parenchymal involvement. xUl these patients gave a history of 
previous chronic bronchitis or other pulmonaiy disease. Upon reviewing the 
cases complicated by cavities, it was concluded that prior pulmonary infection 
is a predisposing factor in the development of a cavity or gi'anuloma. Micro¬ 
scopic studies of material recovered from the smaller bronchi and bronchioles 
revealed masses of fungus growing in the lumen. The vegetation was most 
■abundant and widespread during the early stage of the disease. Surgical 
treatment at this time would he disastrous since it might lead to dissemination 
before the host has developed immunity, and bronchopleural fistula with com¬ 
plicating empyema would almost certainly follow if lung tissue and bronchi 
are transected under these conditions. Bronchoscopic observations, further¬ 
more, demonstrated that healing of the lesions was paralleled by disappear¬ 
ance of abnormal shadows in the roentgenogram. 

cavity formation (Table II) 

Table II. Types of Cavities 

I. Phantom "cavities" 

II. True cavities 

1. Primary cavities—tliin walled 

(a) infected 

(b) giant 

(e) cystic epitlielized 

2. Secondary cavities—thick walled 

(a) caseous necrotic 

(b) fibroeaseous 

(c) cystic epitlielized___—-- 
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Phantom “Cavities .”—our first jjaper on the subject, we discussed 
phantom “cavities” (Fig. 1) which are present during the acute phase of the 
disease, together with pulmonai-y infiltration, but which vanish as parenchy¬ 
mal involvement abates. It seems unlikely that such necrotic areas which are 
.sometimes quite large and present the appearance of honeycombing and cavi¬ 
tation can disappear so rapidly without leaving a trace. In studying slides 
of the acute phase of the disease, we find that the fungus grows first in the 
Irronchus, distending that structure by actual pressure or by means of a “check 
valve” irrcchanism. Then the mass is discharged via the bronehrrs, leaving a 



Fib: 1—Laxgo phantom cavity may be viauaiized In the right lower lobe associated with 
acute coccidioidomycosis X-ray studies 16 days later reveal the cavity to have disappeared 
and It did not recur 


disteirded bronchus behind. Thus, an explanation is offered for the so-called 
phantom cavities, and we propose, therefore, to eliminate tliis category from 
the list of true cavities 

There aie two types of true permanent cavities- primary, or early; and 
secoirdary, or late. 

Primary Cavities (Fig 2).—Cavities of this type represent a different 
time phase arrd result in a distinct pathologic picture as compared with the 
secondary cavities They develop drti-irrg the middle or late part of the 
infiltrative phase and are due to growth of fungi in the bronchi and bron- 
ehioles, distending these structures to the point at which they rupture and 
give rise to wrdesjnead necrosis. The debris is discharged via the bronclius 
and, in this way, a patent draining hrorrehus is established. Secondary b ”■ 
terial invaders are then likely to penetrate through t ’ de to ft 
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prepared bed in the necrotic tissues of the cavity. Under these circumstances, 
there^ develops what we have originally described as secondarily infected 
cavities. Since in most of these eases there exists a history of pre-existing 
infection, we feel that such a condition might predispose to more extensive 
tissue necrosis. 

The further development may take one of two different courses. In the 
fiist, there usually remain secondai'ily infected cavities which may progress 
to become giant cavities. This Avas a frequent finding in the loAv-iiicome 
group of field Avorkers Avho did not report for folloAv-up treatment. Giant 
and infected cavities Avere discussed and listed in our earlier paper as re¬ 
quiring surgical removal since they are analogous to a pulmonaiy abscess. 
Pathologically these eases shoAv collapsible cavities Avith patent draining 
bronchi. No “cheek valve” mechanism develops and they are therefore not 
likely to rupture. Eventually, dense adhesions are observed betAveen the 
layers of the pleura. After long-standing necrosis or suppuration, lung tissue, 
like any other, shoAA^s feAV organisms of coccidioidomycosis. In these cavities, 
fungus groAAdh may be encountered up to 6 months after infection but, at the 
end of 12 months, fungi are difficult to find and can sometimes not be demon¬ 
strated at all in the Avails of the caArity. 

In our report on the earlier series, Ave stated that 6 months after the 
original infection a caAuty would be very Ainlikely to close spontaneously, and 
that, folloAving a Avaiting period of at least 6 months, surgery might be ad¬ 
vised. HoAvever, even after such a delay Ave still encountered minimal to 
modei’ate numbei's of neAv generations of eoceidioidules in the lung tissue 
adjacent to the cavity Avail. The lack of a clearly demarcated cavity Avail in 
these early cases caused us to resort to Avide pulmonaiy resection as the safer 
procedure. On the basis of more recent pathologic findings, AVe noAv adAUse 
a Avaiting period of 12 months. EAmn though the secondaiy infection may 
still be rampant, the risk of dissemination is reduced because fungus grOAvth 
is either minimal or has entirely ceased. 

Primary cavities proceeding to reinfection by secondary organisms and 
to the stage of a giant cavity present the roentgenologic appearance of a 
thin-Avalled excavation Avhieh might be mistaken for an emphysematous bulla. 
A fluid IcA’^el can rarely be demonstrated. Clinically important is the fact that 
caAuties of this type are A'ery likely to bleed. One of our patients died from 
hemoptysis due to a giant eavuty. 

The second course Avhieh the development of a primary cavity may take 
is encountered in subjects in the higher income groups, and patients Avho had 
received adequate treatment. Cases of this type are managed by repeated 
administration of specific drugs, to keep the cavity reasonably free from 
infection by secondary bacteria. The pocket Avill gradually be epithelized by 
bronchial mucosa and there develops a sac-like straeture analogous to a con¬ 
genital bronchial cyst. All that remains of the fungi are occasional spheiules 
Avithout endospores Avhich are difficult to demonstrate. 

The chest film shoAVS a very thin-Avalled cyst Avhieh is difficult to visualize 
except Avith Lipiodol. One is often deceived into thinking that such a cavity 
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Fiff 2 — I Prlmarj ca\Il> Is seen In the right upper lobe associated %\llh the acute phase 
of the disease 

D, X raj studies 6 iiiontlis later reveal the inflltratlon almost gone but the cavUy la 
larger 

C X ray studies 4 leirs later show a giant cavity of the right upper lobe 

D Photograph of patliologic specimen reveals a comparatively thin walled cavity Ivo 
necrotic membrane is seen 
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ation of a gianuloma iB), and secondary 
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has clisappeaied because the patient is asyiiiptoiiiatie and cavities cannot be 
deinonstiated ladiologically Howevei, tlicic may be cluneal and ladiologic 
evidence ivith even a slight intcieiiiicnt infection 

Pnniaiy cavities of this type aie best ticatcd by suigieal lemoval and, 
since theie aie tew oigaiiisiiis of Coccidioides immttts picsent, the danger of a 
postopeiative complication is minimal oi absent Peisonally, we hase nevei 
encomiteied complications in such eases It may be possible to show that the 
incidence of postopei atiie complications lanes ivith the types of coccidioidal 
cavities and with the evteiit of suigic.il cvcision This could well account 
foi disci epancios in the liteiatuie with lespcct to complications and lecui- 
1 dices 

Suigical inteivention in the pieseiice of such cavities will depencl on 
whether one piefeis to tieat cysts opciatncly oi e\peetantly In oiii e\peii- 
cnee, suigical loinoial of all caiities is indititcd, otherwise, disticssing com 
plications and sjniiptonis aie bound to occiii Even with the best medical 
management, one is only iiostponing the inciitable development of tioubie 
weeks, months, oi yeais latci 

Secondary Cavities —Tins second tipe of cavitj dei clops by a ditfeieiit 
sequence of events Pollowing piimaiy infection, the infiltiatioii giadually 
toealizcs but leaies a snioldoiing neeiotit giamiloma which subsequently 
may show cavitation (Fig 3) oi become a line coecidioidoma The coc 
oidioidal giamiloma is a lesion iieh in oiganisms, containing many gioss and 
mieioseopie abscesses The lattei aic due to tlie giowth of the oigaiiisiiis and 
cavitation by neciosis Aftci cantation, many gioss and inicioscopic ab 
scesses will be encouiitoied in the lung tissue adiatciit to the caiitj At 
first, a heavy neeiotie layci lines the canty which latci becomes hbioneeiotic 
Such cavities, wnth a itlatiicly thick wall and snijowided by only immmal 
parenchymal ibsease show chaiactciistic shadows in tlie loeiitgeiiogiaiu (Fig 
4, B) Secondaii cavities will not coll ipse, even with manual piessuie 
Despite then benign appeaiancc, which makes one think that they might be 
easily shelled out, such cavities aie sunoiinded by secoiidaiy giamilomatous 
coecidioidiiles of both gioss and micioscopic si/c which develop in the lung 
tissue adjacent to the canty Tlic tmigus giowth is heavy and one may see 
oiganisms ehaiactcnstic of the paiasitic phase as well as the mycelial form 
glowing side by side Thus the onlv sueccsstui management is cautious, wide 
resection Late cavities aie most hkelj to distend lapidly due to a “check 
laUo’’ iiiechaiusm in which the hcaii lu-ciotie linnig acts as a flap, and 
frequently a lesulting fluid level can he deinonstiated In oiii sciies, we 
eneounteied 8 eases ot inptnied cavities The patients weie treated by pul¬ 
monary resection and deeoitieation m the picsenec of active coccidioidal 
empyema, and complete le expansion of the lung followed lu all instances, 
the wound healed by fiist intention We feel tint snteess in these eases was 
due to lesistance of the host and elimination of most of the fungi by removal 
of the cavity togethei with the pleuia, followed bj immediate le expansion of 
the lung 
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Coccidioidoma.—^YiQ true coccidioidoma is a contracted solid fibroeaseous 
nodule in which spherules are rare or absent. Even repeated tissue cultures 
may not reveal any growth, and frequently the pathologic report is for 



B. 

Flff- 4.—Two stages of secondary cavity formation. A, Beginning necrosis with cavity forma¬ 
tion. B, Roentgenographic appearance of fully formed cavity. 

granuloma, etiology undetermined. Radiographically such a solid tumor 
would appear as a coin lesion and, since 30 to 50 per cent of all coin lesions 
are malignant, this finding would become an absolute indication for surgical 
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Coccidioidoma .—The true coeeidioidoma is a contracted solid fibrocaseous 
nodule in which spherules ai‘e I’are or absent. Even I’epeated tissue cultures 
may not reveal any growth, and frequently the pathologic report is for 



B. 

Fig. 4.—Two stages of secondary cavity formation. A, Beginning necrosis with cavity forma¬ 
tion. B, Roentgenographic appearance of fully formed cavity. 

gramtloma, etiology undetermined. Radiographically such a solid tumor 
would appear as a coin lesion and, since 30 to 50 per cent of all coin lesions 
are malignant, this finding would become an absolute indication for surgical 
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during pulmonary resection. 
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Meningitis or pleural effusion appearing in a patient mth a known coc- 
eidioidal cavity should be assumed to be tuberculous in origin. 

Bronchogenic carcinoma is frequently difficult to diagnose in a geographic 
area with a high incidence of coccidioidomas, secondarily infected cavities, 
and unilatei’al hilar enlargement. Coexistent coccidioidomycosis and primary 
carcinoma of the lung were encountered six times in this series and 4 patients 
were operated upon. Carcinoma must be taken into consideiation in the event 
that a nodular gro^vth appears in the region of a previously resolving or 
stable lesion of pulmonary coccidioidomycosis, or when hilar adenopathy 
persists. In the lymphoma group, coccidioidomycosis develops frequently, 
but we have operated upon none of these patients, and most of them die of 
dissemination. 

SURGICALi COXSIDERATIOXS 

In our earlier paper we presented the conclusion that operation is indi¬ 
cated without regard to the pathologic condition, or as to whether the disease 
is in a dormant or an active phase. Development of a postoperative secondary 
pulmonaiy carity has caused us to' re^’i.se our conclusions. We now believe 
that the surgical approach must be modified depending on whether fungi 
are pi’esent or absent. Since they are most abundant during the early stage 
of the disease, operative treatment should be avoided at this time due to 
potential complications, and especially since drug coverage is not available. 
Originally we thought that it would be safe to institute surgical ti'eatment 6 
months after infection, but we found that there was still heavy infiltration 
of the lesion with fungus. A waiting period of 12 months seems to be indi¬ 
cated. Since pulmonary coccidioidomycosis is primarily an endobronchial 
disease, associated bronchiectasis should always be suspected. 

Primaiy thin-walled carities result in less complications because of lighter 
infiltration by the fungus. In infected, giant, epithelized cavities, fungal 
involvement is minimal or absent. Lobectomy is indicated in the former 
group, and wedge resection in the latter. 

The secondary thicker-walled cavities are more treacherous. Piuigal 
infiltration is heavy, and we have discontinued segmental resection because 
of the greater likelihood of contamination. Lobectomy or wedge resection 
is indicated which must be -ivide, since the zone of involvement is always 
larger than the immediate area of the actual cavity. The roentgenographic 
appearance is deceiving, and one must avoid canying the incision through 
satellite eoecidioidules as this would predispose to a bronchopleural fistula. 
If there is any doubt as to the extent of the area to be excised, it is preferable 
to saex'ifice a greater amount of lung tissue to avoid the risk of complications. 

If a small ramification of a cavity (Fig. 6), a dilated bronchus, or satellite 
eoecidioidules or coceidioidoma (Fig. 7) are left in place, a i*eeurrent carity 
may form. It will contain enough Coccidioides immitis to continue the para¬ 
sitic growth cycle wth probable cavitation. 
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TEN-YEAR EOLLO\Y-UP OF SURGICALLY TREATED CASES 

Of the total of 144 surgically treated iDatieuts with pulmonary coccidioi¬ 
domycosis, 58 could be followed over a sufficiently long period of time to 
render the findings significant. Recurrences or complications were observed 
in only four instances, and the remaining patients were free of disease. Symp¬ 
toms were reported by 36 patients; in 29 of the cases they were slight and 7 
patients described them as moderate. Symptoms consisted of light asthma, 
cough, shortness of breath on exertion, some white or yellow sputum and, in 
1 ease, there was heavy green and, in another, blood-tinged sputum. Twenty- 
two patients were completely asymptomatic. Forty-six patients evaluated 
their o%vn physical status as “good”; 1 reported a “very good” status; 10 
considered their health as “fair”; and one as “poor.” All of these patients 
were able to return to their former full-time work. 


SUMMARY 

1. This study is based on 1,500 eases of pulmonary coccidioidomycosis, 
confirmed by specific diagnostic methods. 

2. Coccidioidomycosis is initially an endobronchial disease; the clinical, 
bronchoseopic, and radiologic findings during this stage are described. 

3. Phantom “cavities,” which are not true cavities, may be encountered 
during the acute phase. 

4. The true cavities are of two types: primary, or early, (thin-walled); 
and secondary, or late, (thick-walled). 

Discussion 

DR. J. D. STEELE, San Eernando, Calif.—^Dr. Cotton should be congratulated for 
his pioneer work in the surgery of eoceidioidomyeosis. 

I was particularly interested in what he had to say about satellite lesions. We 
hav^e been impressed with the necessity of wide excision of coccidioidal lesions, especially 
of cavitary lesions. We have found satellite lesions on careful pathologic examination 
of resected specimens in the vast majority of our cases. To be sure, satellite lesions are 
closer to granulomas than they are to cavities, and they may be widely distributed 
throughout the lobe in cavitary cases. 

This slide shows an advancing case of coccidioidomycosis. Satellite lesions are seen 
scattered around the periphery of this lung tissue. This is an upper lobe and a superior 
segment resected for enlarging cavities. We did do a segmental resection in this ease in 
preference to pneumonectomy. Possibly it would have been wiser to do a pneumonectomy 
because there are satellite lesions scattered through this superior segment. 

This slide is a photomicrograph of another case in which there was a large cavity 
in the central portion of the upper lobe, and here is a satellite lesion far out toward the 
periphery of the lobe, so that we are fully convinced that in cavitary cases, except to 
avmid doing a pneumonectomy, a lobectomy is far preferable to a smaU resection. 

DR. COTTON (Closing).—I wish to thank Dr. Steele for his comments. 

I feel continued laboratory, clinical observation, and pharmacology research work 
are important to solve the many facets of this problem. Drs. Edward Butt and Marjorie 
Biddle are to be complimented on their splendid research wmrk on coccidioidomycosis, 
with monke 3 '^s as the experimental subjects. A specific drug for this disease would be 
of great help. 
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The endotraelieal pressure was continuously measm-ed by a transducer 
attached to a tap at the end of the endotracheal tube. The pressure was visual¬ 
ized on an oscilloscope and photographically recorded. The pressure recording 
apparatus was recalibrated before each measurement of cardiac output. The 
mean endotracheal pressure was determined planimetrically from the pressure 
tracings in 7 patients. In the other 3 patients, the averages of the peak positive 
and negative pressures were taken to repi’esent the mean endotracheal pressure. 
Because a negative pressure phase in the respiratory cycle has been reported to 
have no effect on cardiac output when the thorax is open,^- the mean positive 
pressure during a respiratory cycle with the thorax open was estimated and 
taken to be one half of the inflation pressure. 

A small polyethylene catheter was inserted pereutaneously into the ante- 
cubital vein of the dependent arm and threaded up to the subclavian vein. The 
catheter was attached via a 19-gauge needle to a three-way stopcock and 5 per 
cent glucose in water was dripped slowly into the system to keep the catheter 
patent. A Couimand arterial needle was also inserted pereutaneously into the 
brachial artery of the same arm. When not in use, the occluding stylet was left 
in place. 

Cardiac output was measured as follows. Arterial blood was allowed to 
flow from the brachial aifleiy via polyethylene tubing through a cuvette densi¬ 
tometer® and then into a collecting^ chamber under a constant negative pressure 
of 22 cm. of water. A solenoid valve inside this chamber pennitted selective 
sampling of the blood ■without intex’rupting the flow. The dye cuiwe was visual¬ 
ized on the oscilloscope and photographically recorded. A smooth base line was 
established at a constant rate of flow between 20 and 40 ml. per minute. With 
the camera in operation, a measured amount (approximately 5 mg.) of the blue 
dye, T-1824, was injected into the venous catheter followed immediately by a 
flxish of 10 ml. of 5 per cent glucose in water. As the dye cuiwe rose on the 
oscilloscope, the solenoid was activated to collect blood in a test tube within the 
collecting chamber. The period of collection of this blood was marked on the 
photographic record. The sample of arterial blood was centrifuged and the con¬ 
centration of dye in the serum measured on a spectrophotometer. The cardiac 
output was then calculated from the measured concentration of dye in the 
serum and the planimetrically measured area below the inscribed curve during 
the period of sampling artei’ial blood. 

Before the chest was opened, cardiac outputs were measured after main¬ 
taining the inflation and deflation pressures unchanged for at least 10 minutes. 
The pleura was then opened and the lung freed if pleural adhesions were pres¬ 
ent. Cardiac outputs were again measured after the inflation and deflation 
pressures had been maintained unchanged for 10 minutes. A change in cardiac 
output of 15 per cent or more from the preceding determination was regarded 
as significant.® 

RESULTS 

Ten patients were studied (Table I). The effect of changes in the mean 
endoti’aeheal pressure on cardiac output was measured before the chest was 
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befoi’e and aftei’ opening the thorax, the mean positive pressure after opening 
the thorax, and the peak inflation pressure were all high. It seems likely that, 
in these patients, opening the thoi’ax improved cardiac Ailing and thus increased 
cardiac output. As the mean positive pressure and the mean endotracheal 
pressure remained high after opening the thorax, it does not seem likely that a 
change in the resistance to blood flow through the lungs could be responsible 
for the increased cardiac output. 

With the thorax open, the changes in mean positive pressure were slight, 
ranging from 2.5 to 6.5 cm. HsO, compared to the changes in mean endotracheal 
pressure, ranging from 5 to 14 cm. HoO with the thorax closed. It is not sui’- 
prising, therefore, to find that onlj’’ 4 of 9 patients exhibited an inverse relation- 
.ship between cardiac oiitput and mean pressni’c with the chest open. 

Humphreys and his associates,*^ many years ago, on the l)asis of animal 
experiments, ‘ came to the conclusion that the decrease in cardiac output witli 
positive pressure inflation of the lungs in animals with an open thorax was “due 
to compression of the heart which hinders its filling rather than to compression 
of the pulmonary vessels which interferes with its emptying.” Ankenej’’ and his 
co-workei*s,* on the other hand, thought that the fall in cardiac output which 
occurred in the open chest with positive pressure insufflation of the lungs was 
due primarilj’’ to increased pulmonaiy vascular resistance. We are inclined to 
believe, on the basis of the data reported here, that the increase in cardiac out¬ 
put which we obseiwed in some patients on opening the chest was due to the 
relief of the pressure on the venae cavae and right atrium when the mean endo¬ 
tracheal pressure was high. Ou the other hand, with the thorax open we believe 
that the decrease in cardiac output which occurred in some patients with an 
increase in the mean positive pressure was due to interference with blood flow 
through the pulmonary vessels. 

Anesthesiologists and thoracic surgeons should realize that increasing tlie 
mean endoti’acheal pressure, or the mean positive pressure, during intrathoraeic 
operations may produce a decline in cardiac output as it does when the thorax is 
intact. When the lungs are not diseased, the mean endotracheal pressixre must 
be increased by 5 or 6 cm. of water when the thorax is opened to maintain ex¬ 
pansion of the lungs. Any increase in mean endotracheal pressure above this 
slight amount necessary to keep the lungs expanded may result in a fall in 
cardiac output. Unnecessarily high endotracheal pressures can be most easily 
avoided by employing a mechanical ventilator in which the positive pressure 
phase can be easily regulated. The availability of a negative pressure phase 
to assist deflation of the lungs may be indispensable in the conduct of intra- 
thoracic operations in patients mth severe emphysema,® or crippling pulmonary 
disease.*" 

SU3EMARY 

1. The effect of changes in endotracheal pressure on cardiac output was 
measured in 10 patients undergoing thoracotomy, before and after the thorax 
was opened. 
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before and after opening the thorax, the mean positive pressure after opening 
the thorax, and the peak inflation pressure were all high. It seems likely that, 
in these patients, opening the thoi'ax improved cardiac filling and thus increased 
cardiac output. As the mean positive pi’essure and the mean endotracheal 
pressure remained high after opening the thorax, it does not seem likely that a 
change in the resistance to blood flow through the lungs could be responsible 
for the increased cardiac output. 

With the thorax open, the changes in mean positive pressure Avere slight, 
ranging from 2.5 to 6.5 cm. HoO, compared to the changes in mean endotracheal 
pressure, ranging from 5 to 14 cm. H 2 O with the thorax closed. It is not sur¬ 
prising, therefore, to find that only 4 of 9 patients exhibited an inverse relation¬ 
ship between cardiac output and mean pressure with tlie chest open. 

Humphreys and his associates,” many years ago, on the l)asis of animal 
experiments,' came to the conclusion that the decrease in cardiac oiitput Avith 
positive pressure inflation of the lungs in animals Avith an open thorax Avas “due 
to compression of the heart which hinders its filling rather than to eompx’ession 
of the pulmonarj^ vessels Avhich interferes AAdth its emptying.” Ankeney and his 
eo-Avorkers,^ on the other hand, thought that the fall in cardiac output Avhich 
occurred in the open chest Avith positive pressure insufflation of the lungs Avas 
due primarily to increased pulmonary vascular resistance. AVe are inclined to 
believe, on the basis of the data reported here, that the increase in cardiac out¬ 
put Avhieh Ave obseiwed in some patients on opening the chest Avas due to the 
relief of the pressure on the venae cavae and rfght atriirm Avhen the mean endo¬ 
tracheal pressure Avas high. On the other hand, Avith the thorax open Ave believe 
that the decrease in cardiac output AA'hieh occurred in some patients Avith an 
increase in the mean positive pressure Avas due to interference Avith blood Aoav 
through the pulmonary A'essels. 

Anesthesiologists and thoracic surgeons should realize that increasing the 
mean endotracheal pressure, or the mean positive pressure, during intrathoracie 
operations may produce a decline in cardiac output as it does AAdien the thorax is 
intact. AVhen the lungs are not diseased, the mean endotracheal pressure must 
be increased by 5 or 6 cm. of Avater Avhen the thorax is opened to maintain ex- 
parrsion of the lungs. Any iirerease in mean endotracheal pressure above this 
slight amount necessary to keep the lungs expanded may result in a fall in 
cardiac output. Unnecessarily high endotracheal pressures can be most easily 
avoided by employing a mechanical ventilator in Avhich the positive pressirre 
phase can be easily regulated. The availability of a negative pressure phase 
to assist deflation of the hrngs may be indispensable in the conduct of intra- 
thoracic operations in patients Avith severe emphysema,® or crippling pulmonary 
disease.^^ 

SUAIIMARY 

1. The effect of changes in endotracheal pressure on cardiac output Avas 
measured in 10 patients undergoing thoracotomy, before and after the thorax 
Avas opened. 
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I think any study concerning the use of intermittent positive pressure ventilation 
and cardiac output should include detailed consideration of the pressure profile of the 
positive pressure machine used. Many years ago, Dr. Cournand showed in the closed chest 
that if the positive pressure occupied only one third of tlie respiratory cycle, there was 
no interference with blood flow. If the positive pressure phase was xrrolonged beyond 
50 per cent of the cycle, cardiac output rvas reduced. Working in dogs in which we 
measured pulmonary blood flow continually, we found tliat tins was also true in the open 
chest. Therefore, I wonder whether or not Dr. Nealou studied the pressure profile of his 
respirator, especially in those patients in which cardiac output was depressed. Perhaps 
the positive pressure phase occupied more than one third of tlic ventilatory cycle in these 
cases. 


DR. GEORGE H. HUMPHREYS, New York, N. Y.—^It is very interesting to hear 
a paper which goes back to some studies that we did 15 years ago, crude and rather 
primitive studies compared to modern methods, but nevertheless apparently confirming the 
work that was done on dogs in Dr. Miller’s laboratory. 

I wanted to ask the same question, essentially, that Dr. Ankeney has brought up; 
namely, when one speaks of mean pressures, it doesn’t really tell us what the pressure 
relationship on the cardiac output is unless one knows the swing and the profile of the 
intermittent pressure relationship. 

It seemed to us in our animal experiments many years ago, in which we used con¬ 
tinuous pressure and maintained respiration by washing out the CO, with a catheter at the 
Carina, that we could arrive at a continuous pressure which maintained respiration and 
which was optimal for cardiac output. Pressures above it and pressures below it both 
interfered with blood flow to the lung so far as we could tell. 

I wondered if Dr. Gibbon’s group had worked at all along tliose lines. 

DR. H. P. RHEINLANDER, Boston, Mass.—^We have been investigating cardio- 
circulating dynamics in patients during thoracic surgical procedures. Using cyclopropane 
anesthesia and a volume limited-pressure variable respirator, significant decreases in cardiac 
output and stroke volume occurred after the pleura was opened. The total peripheral 
resistance increased and the arterial blood pressure remained constant. Mean airway 
pressure, alveolar ventilation, pH, pCO„ and blood cyclopropane levels were maintained at 
the closed chest levels. 

Although a decrease in cardiac output and stroke volume is produced by surgical 
pneumothorax, under these conditions the circulatory regulatory mechanisms are intact 
and the arterial blood pressure is maintained as a result of the compensatory increase 
in total peripheral resistance. 

DR. NEALON (Closing).—I want to thank the discussers for their remarks. I am 
fully aware that they have been interested in this problem for a long time. 

Because of limitations of time I did not explain how we arrived at these mean 
pressures. There was a tap in the end of the endotracheal tube of these patients; by 
means of a transducer the endotracheal pressure was recorded on an oscilloscope and photo¬ 
graphed. The mean endotracheal pressures were arrived at on the basis of a planimetric 
analysis of the inscribed curves. 

The particular pressure pattern which we used is the one which is accomplished by 
the Jeiferson ventilator. This has a roughly square pattern on both the positive and 
negative side. The duration of inflation was essentially the same duration as that of 
deflation. 

I think that in the majority of instances the circulatory effects seemed to be re¬ 
lated directly to the mean endotracheal pressure. A study we reported at this meeting 4 
years ago showed that the greatest gas flow per pressure span could be accomplished with 
a duration of inflation essentially the same as the duration of deflation. Furthermore, this 
showed that the total volume of ventilation was directly related to the span between the 
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peaks of inflation and deflation This points up one of the advantages of the negative 
phase, because if one increases the negative phase commensurate ^vith the positive phase, 
one can uiden tho pressure span to any Jimit without changing the mean endotracheal 
pressure and consequently interftrmg little with tho circulatory effects Using intomiittent 
positive pressure, it 13 possible to increase the pressure span without increasing tho mean 
pressure if tho duration of inflation 13 decreased but there are limitations to this 

Wo did not do any studies of \arious anesthetic agents Those reported wero of 
patients who were induced with intravenous sodium. Pcutothal and some Anectine An 
endotracheal tube was inserted and anesthesia after that was nitrous o\ide and oxjgcn 



INJURIES OF THE TRACHEA AND MAJOR BRONCHI 

R. Maurice Hood, M.D., Austin, Texas,* and Herbert E. 

Sloan, M.D., Ann Arbor, Mich.** 

I NJURIES of the trachea and major bronchi are occuriing with increasing fre¬ 
quency. Still numerically uncommon, these injuries in the past have escaped 
early diagnosis. Surgical treatment has been instituted late and too often has 
not resulted in suiwival or adequate rehabilitation. 

The present study has consisted of reviewing 91 cases reported in the 
present world literature and addmg 7 eases of our own. The subject is ap¬ 
proached from the standpoint of evaluating histoiy and presenting findings 
and diagnostic procedures, in an effort to improve the ability to establish an 
early diagnosis. Surgical management of the early and late case is evaluated 
in the light of the 7 cases reported and those reviewed from the literature. 

Kinsella and Johnstrud, in 1947, reviewed the literature regarding in¬ 
juries of the tracheobronchial tree and were able to tabulate 38 cases and add 
2 of their own. At that time there had been few correct clinical diagnoses 
and attempts at primary repair were not made in any case until then. Few 
patients survived and most of those who did developed a bronchial stricture 
which required resection. 

Since that time, anesthetic and surgical techniques have changed con¬ 
siderably, so that, at present, successful primary repair of these injuries has 
become almost commonplace. It would seem obvious that bronchial or 
tracheal injuries should be diagnosed and x-epaired early. Most patients should 
survive and few should require pulmonaiy resection. A review of the subject 
at this time reveals, howevei', that thei’e are still difficulties and delays in diag¬ 
nosis and that resection is still used by many as an elective fomi of treatment. 

Few surgeons have had extensive experience in this field, probably be¬ 
cause such injui’ies ai’e relatively infrequent. The majoiity of reported cases 
have been single ease reports or, at most, 2 or 3 cases. Only Paxxlson, Ehren- 
haft, Santy and associates, and Huizinga have reported a greater experience. 

From the United States Naval Hospital. Oakland, Calif., and the University Hospital of 
the University of Michigan. 

The opinions or assertions contained herein are those of the authors and are not to be 
construed as official or as necessarily reflecting the views of the Medical Department of the 
Navy or the Naval service at large. 

Read at the Thirty-ninth Annual Meetine: of The American Association for Thoracic 
Surgery at Los Angeles. Calif., April 21-23, 1959. 

•Formerly, Commander, Medical Corps, U. S. Navy; Head, Thoracic and Cardiova.scular 
Surgery Branch, Surgical Service, U. S. Naval Hospital, Oakland, Calif. 

••Associate Professor of Surgery, University of Michigan, Ann Arbor, Mich. 
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C \.SE KFl^ORTS 

Case I.— J. W. if, a 42 jear old white niau, was molved lu au autoniohile accident 5^2 
weeks before admission, to tlio hospital. Ho Ji.vd been hospitalized elsewhere with a partial left 
pneumothorax, pain in the chest, but no demonstrable nb fractures. An mtorcostal tube had 
been inserted into the left pleural space for management of the left pneumothorax, with im* 
mediate expansion of tlio loft lung Following this, the hemithorax slowly became totally 
obscured- Tins w.is bclioed to be the result of a pleural eiTusion. llowtwer, in retiospcct, 
it represented dcvelopmont of total atelectasis. 

The patient, on admission, complained of a nouproductiic cough witli sonic anterior cliest 
pain, moderate djspnca, and slight orthopnea- He w-as not acutely ill. There was a marked 
shift of the mediastinal structures to the left side with shift of the trachea as well. Tactile 
and vocal fremitus were absent o\er the left chest and there was dullness to percussion o\cr 
the entire left henntliorax. No bre.ath sounds v\erc audible o\er the left side of the chest. 



A. B 

Ftp I — A, Roentgenogram (Case 1) maJe 5*4 weeks after injury, UemonstratJng obscura¬ 
tion of the left hemithorax and retraction of the trachea and nicdiistmnt structures to tiie af¬ 
fected .side 

IJ. Roentgenogram made 1 month following bronchial anastomosis Tlicrc is still con¬ 
siderable pleural reaction whicii c\entwally cleared. 

Chest roentgenograms reiealod eompJctc obscuration of tho left hemithorax (Fig 1, A), 
lltere was retraction of the mediastinal structures and shift of tho trachc.a to tho left side. 
Tho riglit side of the thorax appeared normal. There was no ciidenco of nb fractal e 

On tho day following admission, bronchoscopy showed a shift of the trachea to the left 
side and the left mam bronchus terminated 2 to 3 cm, bejond the carina in a blind pouch. 
There was granulation in the ccntr.al portion of the obstructed bronchus 

A thoracotomj was performed 2 da>s later There was total atelectasis of the left lung 
with some straw colored fluid m the left pleural space There were a few adhesions between 
tho lung and the chest wall. Exploration of the hilum re\caled intact pulmonary vessels 
which were densely adherent to the bronchi The left mam bronchus tcrnimatcd 3 cm beyond 
tho canna and was buned in an area of scar tissue There was a 2 cm gap between the 
proximal end of the bronchus and the distal bronchial stump which w is also onibedtled in 
scar tissue The upper and lower bronchial stumps were mobilized and openeib Tho distal 
bronchial treo was filled with grcenibh, clcir, mucoid nuatcnal. Tins was aspirated as com¬ 
pletely as possible and an end to end anastomosis was carried out using interrupted 4 0 silk 
sutures. On completion of the anastomosis, the left lung aerated well but it was necessary 
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to aspirate the bronchial tree frequently in order to remove further mucous secretions. The 
ckest was closed witli drainage. The postoperative course was uneventful. Three weeks after 
operation, the main bronchus was found at bronclioscopy to have healed without stricture. 

The patient was seen 5 weeks postoperatively and was found to be well. X-ray 
examination at that time revealed expansion of the left lung. There was still some pleural 
reaction (Fig. 1, B). 

Case 2.—P. D., a 27-year-old u'hite man who was struck by the steering wheel of his 
car in an automobile accident, was admitted to the liospital. At tlie time of the accident the 
patient did not appear to be seriously injured but 12 hours later he noted swelling in the 



Fig. 2.—A, Photograph (Case 2) made shortly after admission, demonstrating the extent of 

emphysema. 

anterior portion of the neck, pain over the right anterior chest, and cough which was productive 
of bright red blood. The swelling increased rapidly after its onset and, on admission, in¬ 
volved all of the chest, arms, neck, and face. 

At physical examination the patient was found to have a blood pressure of 122/72 mm. 
Hg and temperature of 101° F. There was marked subcutaneous emphysema involving the 
entire thorax, abdomen, head, and neck (Fig. 2, A). He had a cardiac rate of 128. Exami¬ 
nation of the chest was inadequate because of the marked emphysema. 

Admission x-ray studies demonstrated the emphysema and a left pneumothorax with 50 
per cent collapse of the lung (Fig. 2, B). No evidence of fractures of the ribs or sternum was 
seen. A catheter was introduced through the second anterior interspace into the left pleural 
space, and connected to a water-seal system with suction. A large volume of air escaped, 
following wliich the left lung apparently expanded. 
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Emplijsema persisted and mcrca'^ed further A repeat chest iUm sho\\ed au increase m 
interstitial emphysema but no pneumothorax Bronchoscopy ivas performed, revealing a trails 
verse tear in the posterior wall of the tiachea approximately 5 cm above the canna Hiere 
was a mucosal injury over a much more extensive area and a flap of mucosa hung free in 
the lumen Air was evidentlj escaping through tins defect The tracheobronchial trie other 
Wise appeared normal 

Conservative maingcment without surgical intervention w is decided upon The 
cmphjscma decreased slowlj and the lung remained expanded The patient was bronchoscoped 
2 months later A small aiea of gianulatioii it the site of injury was seen, without evidence 
of stricture form ition or narrowing The pitient w is lost in follow up after this time 



Sj 




B 

Fig ‘i —Contil (Case 2) B, Roentgenogram made on admission which shows the partial 
pneumothorax on the left side and extensive interstitial emphysema. 

Case 3—M L P, a 2I>earold white woman, was involved in an automobile accident 
She was hospitalized elsewhere and transferred to tlie University Hospital the same daj 

Physic il examination upon admission showed a semicomatose woman who appeared to be 
acutely ill There were multiple facial bruises and lacerations Tliere was marked sub 
cutaneous emphysema which extended to the face and over the chest There was hyper 
resonance over the chest with decreased breath sounds, bilaterally Fractures of the distal 
third of the tibia and fibula and multiple bruises of the other extremities were present 
Neurological examination indicated only mild cerebral concussion 

Chest X ny studies made upon admission confirmed the extensive subeutaiitous emphjsema 
and mediastinal emphysema Ihere was bilateral imeumothorax wath only minimal collapse 
(Fig 3, J) Cliest films made 3 days later failed to Msualize the previously diagnosed 
pneumotiioraces 

The patient developed a right Itcmiparesis and her mental state became confused for 
several days DifBcultj was encountered m clearing bronchial secretions, and intratracheal 
suction was required on numerous occasions Two weeks following admission, a chest film 
showed a right pleural effusion and subcutaneous emphjsema One week later, roentgenograms 
revealed multiple nb fractures on the right side, a pleural effusion with atelectasis of the right 
lower and middle lobes, and displacement of the trachea and mediastinal structures to the 
right (Fig 3, B) 
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Bronclioscopy, 4 weeks after admission, revealed a laige amount of puiulent mateiial 
in the right main bionchus which was totally occluded 1 cm. distal to the right upper lobe 
orifice. This orifice could not be clearly seen. Eepeated bronclioscopic dilatations wore done 
over a period of approximately 1 month. A total of 24 endoscopic procedures weie performed. 
After each bionchoscopy the stricture closed completely again. 

Two months after admission, a right thoracotomy was peifoimed and the stricture of 
the right main bronchus, just proximal to the right upper lobe bronchus, was found. The 
posteiior nail of the main and intermediate bronchus was dissected free, incised, and a wiie- 
supported, cutis giaft was sutuied in place. The lung e.xpanded immediately and the post¬ 
operative course nas uneventful. 



A. B. 


Fig 3— A, Roentgenogram (Case 3) made shortly after admission, demonstrating inter¬ 
stitial emphysema and a partial collapse of the right lung B, Roentgenogiam made 3 weeks 
later, when the patient was supposedly recovering, showing the initial re-expansion had been 
followed by complete atelectasis. 

Repeated bronclioscopic observations demonstrated that the area of the cutis graft 
was stricturing and 3 months later the wire support for the graft piesented in the lumen 
and was removed. One month later the stricture had become complete. Eeoperation was 
decided upon. At the time of operation, the aiea of previous lepair was found to be 
heavily scarred and difficult to dissect free. At this time the entire area of stricture 
was resected and an end-to-end anastomosis was performed. 

The course following this piocedure was uneventful. Bronchoscopy on several occa¬ 
sions showed s"sno irregularity and some narrowing of the bronchial lumen at this point 
but an adequati '' iway was maintained. 

Case 4. 21-year-old white man, received a crushing injury to the chest in an 

'lile nas admitted to a local hospital in an unconscious state. At tlie 

rnination of the chest revealed no abnormalities with the exception 
second ribs on the left side. He developed increasing evidence 
■ g over the next 2 days, with retraction of the mediastinum 
siforred 2 days after admission to another hospital. Be- 
a tracheostomy was performed upon admission. An x-ray 
some improvement. Bronchoscopy was perfoimod and a 
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largo amount of hemorrhagic mucopurulent material \ras aspirated from tlio left side. TJiis 
was foUowed by clinical improvement and a Icssenlngf in the amount of atelectn8l.s. X-ray 
e.vamination 2 weeks later was considered normal. Ilouever, 4 weeks after injury lie developed 





A O. 

Flff. 4 .—A and i?, Inspijatlon and expiration fthns (Cose 4) made on arJjjjjaslon to show 
obstructive emphysema of the left lun^ and mediastinal shift on expiration. This patient u’as 
found to have a secondary bronchial stricture following primary repair 1 months previously. 



FIj?. 5.—Rocntsenoffr.am (Case 4) taken postopcra.uvely. followmff bronchoplastlc procedure 
with a dermal graft. Expansion and function of tlie left lung were normal. 


a tracheal wheeze. A bronchogram was performed, which ilfmonstrated a stricture of the 
loft main bronchus at the carina. Five days later bcoachoscopy was again performed and 
the stricture of the left main-stem bronchus wras seen. The patient was oimrated upon 
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the same day and resection of the stricture with primary anastomosis was performed. The 
postoperative course was uneventful, except that it was found necessary to bronchoscope the 
patient repeatedly during the next 3 months, to cauterize granulation tissue at the point of 
suture. The patient was discharged flnall 5 ' with a stricture of approximately 50 per cent 
of the normal bronchial lumen. He was not seen subsequently until 2 months later, when 
he was seen at a Naval Air Station because of cough and intermittent wheezing on expiration. 
Pln-sical examination at that time showed diminished to absent breath sounds on the left 
side. He was transferred to the D*. S. Naval Hospital, Oakland, California, for further 
diagnostic measures and for therapj'. On examination, the patient was found to have the 
physical findings described. Fluoroscopy revealed obstruction emphj'sema of the entire 
left lung with marked shift of the mediastinum to the right during expiration. Inspiration 
and expiration films confirmed this finding (Figs. 4, A and H). The patient was 
bronchoscoped and a severe stricture of the left main bronchus at the carina was identified 
with an opening estimated at less than O.a mm. This could not be dilated and tomograms 
revealed it to be a long area of stricture. The patient was subsequently operated upon and 
the stricture repaired by using a Gebauer type of wire-supported dermal graft. 

The patient’s postoperative course was uneventful. He was bronchoscoped, beginnmg 
approximately 1 week following operation, at weekly intervals for about 3 months. Granula¬ 
tion tissue appeared about the graft and several sutures were removed bronchoscopically. 
Granulation finally ceased and dilatations were not required from this point. The patient’s 
pulmonary function tests following repair indicated about 50 per cent improvement over 
the preoperative studies. X-ray examination at this time showed the left lung to be ex¬ 
panded (Fig. 5). The patient was returned to full duty as an aviation cadet. 

G.\Se 5.—E. A. S., a 22-year-old white man, was admitted to the H. S. Naval Hospital, 
Oakland, California, on Jan. 21, 195", because of sj-mptoms of bronchial asthma. He had 
severe bronchial asthma with evidence of infection, manifested by gross amounts of purulent 
sputiun and fever. During the patient’s hospital stay it was decided that bronchoscopy 
would be of value diagnostically and therapeutically. Therefore, he was bronchoscoped 
on February 21, under topical Pontocaine anesthesia. He was found to have suppurative 
bronchitis. During the examination of the left bronchial tree, the patient became excited 
and suddenly sat np with the bronchoscope in place. At the same time his head was 
sharply flexed on the chest wall. He was calmed down and, upon examination of the 
bronchial tree, a 1 cm. transverse laceration was seen on the medial wall of the left main 
bronchus which, was bleeding moderately. Within 15 minutes of termination of the pro¬ 
cedure, the patient had cervical emphysema which progressed to the point of producing 
emphysema of the entire head, neck, and anterior chest wall. No pneumothorax resulted 
and he subsequently recovered without any treatment. 

Bronchoscopy 1 week later revealed a small area of granulation at the point of injury 
but no evidence of stenosis. The patient’s subsequent course was uneventful, the asthma 
responding to medical therapy. 

Case 6.—E. P., a 22-year-old white woman, was admitted to the emergency room 1 hour 
following an automobile accident. She was not considered to be seriously injured. The in¬ 
juries were found to consist of fractures of the pelvis, fractmres of the right sixth and 
seventh ribs and the left fourth rib, and multiple contusions and abrasions. 

A chest roentgenogram made the following day revealed the left hemithorax to be com¬ 
pletely opacified, with retraction of the mediastinal structures to that side. Bronchoscopy 
and bronchograms revealed that the left main bronchus terminated 4 cm. from the carina in 
a blind sac. A history was then obtained that the patient had been involved in an automobile 
accident 7 years previously. At that time she had sustauied fractures of 7 ribs on the left 
and a fracture of the clavicle. No pneumothorax or emphysema developed then. Chest films 
revealed the left hemithorax to have become opacified and were interpreted as shomng a 
massive hemothorax. Bronchoscopy was not done. Following that injury, the patient had 
noted moderate dyspnea on exercise, which had not existed before the accident. 
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The incidence according to sex indicates that males j^redomiiiate in a ratio of 
over 3.1 (70 males to 21 females in 91 eases whei’e the sex was stated). There 
was a marked predominance of individuals under 40, iDrobably reflecting the 
fact that this age group is involved to a greater extent in hazardous occupa¬ 
tions and includes those young jieople known to be prone to high velocity 
automobile accidents. Children who sustained bronchial injui-y, with only 
three exceptions, were those who were i*un over by some vehicle. 

• Tyi)es of Trauma Producing Bronchial Laceration and Associated In¬ 
juries .—In 84 eases, in which the cause of injury was recorded (Table I), 25 
occurred in individuals I’iding in an automobile involved in an accident. Six¬ 
teen patients were crashed or compressed between or under objects; 13 were run 
over by the wheel of a vehicle; and 7 were struck by a motor vehicle. There 
■were 6 patients who sustained their injuries from falls. 


l\vBi.E I. Type op Traum.\ ]X 84 Ca.ses 


TYPE OP TRAUM.V \ 

NO. OP cases 

Automobile eollisiou 

25 

Crushed under or between objects 

16 

Kun over by vehicle 

13 

Struck by veliicle 

7 

Penetrating wound 

6 

Fall 

6 

Endoscopj' 

4 

Surgical trauma 

2 

Miscellaneous 

5 


Automobile accidents resulting in bronchial rupture appear to be the most 
common cause. However, when one compares the frequency of aiitomobile 
accidents with the relative infrequency of other types of trauma producing 
bronchial injury, it is apparent that bronchial laceration is veiy rare among 
the total niunber of persons injured in automobile accidents. It appears that 
crushing or compression trauma is the specific etiology of most bronchial in¬ 
juries and therefore is probably the mechanism in high velocity accidents rather 
than direct blows upon the chest. 

Penetrating wounds are rare causes of tracheobronchial injiny and only 4 
have been recorded. This is further emphasized by referring to reports of chest 
trauma resulting from the Second World War by IMackler, Burbank and asso¬ 
ciates, Sanger, and Hanner and Cohen, which include only 5 instances of majo]’ 
airway trauma from literally thousands of chest injuries. 

When the reported cases are studied with regard to other injuries con¬ 
comitantly acquired, the selectivity of the injury and etiological trauma are 
emphasized (Table II). In 80 eases where this information was available, 42 
patients were found to have sustained no other injury. Only 26 were reported 
to have had fractures of the bones of the thorax. Long bone and pelvic frac¬ 
tures were sustained in just 9 patients. Only 5 other patients had othei major 
injuries. The eases of Eoss, and Hughes and Pox are remarkable^ because of 
the presence of esophageal as well as tracheal injuiy resulting hi tracheo¬ 
esophageal fistula. Injuries to the spleen and liver are not reported; again 
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m.aiking t!ie diftoieiico in tiauina, ptodnceil by eoiiipiessiou and that piodnoed 
by duect foice These patients .iie in shaip coutiast to those usually seen 
following antoinobile accidents in which chest injiiucs mth imiltiple iib fiac 
tixics aie associated fiequently with head nijnues and multiple long bone 
fiactuies 


Tibce II tssocuTia Isjukies is 80 Cists 


ASSOCIATED IS 1 buns 

j VO 0> CVSLS 

None 

42 

Fractures 


Bones of thor i\ 

Sfi 

Pehia 

5 

Long- bones 

4 

Hf.id injury 

} 

Injurj of spin U cord 

2 

Bso|j}n{^e il rupture 

» 


Lesions —In this total sciics ot cases, thcie wcie IS mpints oi the tiaehei 
Ihglitj bionchial injimcs wcie lecoidcd and all but C ot these wcie in the main 
bionclu I'citj one wcie on the light and 39 on the lett The most eomiiion 
site of iiijuiv was within 1 oi 2 cm of the c iiina although all iiidnidual lobai 
bioiichi base been lepoited m the seiics Complete astilsion of the bioiicluis 
was the usual occuiiencc, although Icssei injuiies and, occasionally, lincai 
teais occuiied Oases 1, 4, G, and 7 of this senes aie icpiesentative Only 
laielj, m contiast, was the tiachci completely sepaiated and the moic com 
mon lesion heie was a lineal hceiation Vasculai nijuiy, unless the tiauma 
was of the penetiating vanoty, did not occui Intiabionchial and intiaplouial 
bleeding weie not mfioquent but ocouued in laige amount in only 3 patients 
of the entue senes It is felt tint hemoptjsis and bleeding into the plciual 
space in the imgonty ot these cases have icpicsented an uijmy to a bionchial 
aiteiy lathei than a piUmonaiy lessel An explanation of the exact mccha 
nism of the avulsion of the bionchus by compiession oi shcanng tiauma with 
out visculai iiijiuy is not obvious fiom the litciatuie and no plausible tlieoiy 
IS adi anced in this discussion 

The sequence of events occui i mg m the bronchus and lung distal to stenosis 
01 occlusion IS faiily well leeogiiued Poi maiij ycais it has been leoognized 
that high giade stnctuie toimatioii, if allowed to peisist, will lesult in second 
aiy infection, bioiieluectasis, and finallj complete destiuction ot the iiuohcd 
area of limg Unfortunately, foi many jcais this concept was thought to applj 
to complete bioiiehial occlusion as well as stenotic lesions The woik of Cioxatto 
and Laiiaii suggests that, fiom obseiw atioiis in the dog, complete occlusion of 
the bronchus by ligatuie will icsult in secietion of mueus into the bionchial tiee 
to the pomt that bronchiectasis fiom tins mecliaiiism alone is the lesuIt It is 
ippaiently lecogmzed that infection plajs some pait, although this is not eleailj 
sit forth in then aiticle Theie aic only 2 cases on lecoid ni which complete 
occlusion has been piesent and bioiichiectasis oi paienchymal damage has been 
lepoited 

Complete seveiance which lesults ui stnctuie foimation is uncommon, 
hai mg been noted in only 2 of the 98 cases iti lewed Tindings in oiti paliciits 
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and in those reported in the literature suggest that when complete bronchial dis¬ 
ruption occurs, each of the bronchial stumps, proximal and distal, heals hy 
granulation and epithelization and the mucous glands continue their normal 
function until after lapse of time the bi’onehial tree becomes filled with mucus 
and somewhat dilated. This material remains sterile as a general rule. A¥hen 
the bronchus is filled to capacity and the pressure rises, mucus production is 
halted. Irreversible distention or bronchiectasis will not occur usually unless 
infection has complicated the situation. It is difficult to determine from the cases 
reported in the literature in which resection has been done whether bronchiectasis 
has been present or not. Studies of patients having primary repair after pro¬ 
longed periods indicate that distention occurring with mucus production alone 
is reversible and that bronchiectasis does require infection for its production. 
The parenchyma does not appear to be damaged usually by having the bronchus 
occluded even for a prolonged period. The work of Mahaffey and his associates 
has demonstrated that reasonably good function can be expected even though the 
bronchus has been interrupted for a period as long as 12 years. However, Case 
7 of this series suggests that, at least oeeasioiially, intrapulmonary fibrosis may 
result in a situation in which the lung may not be sufficiently expandable to fill 
the thorax. Vascular shunting, demonstrated by Mahaffey, which occurs in pro¬ 
longed atelectasis, is not altogether reversible and will impair the final functional 
result but apparently not to a serious degree. 

Diagnosis and Diagnostic Procedures .—Table III is ari'anged to show the 
time interval from injury to diagnosis. In only 30 of the 90 cases, in which 
this information was available, was the diagnosis established in the first 24 
hours. Eight additional patients were diagnosed by the end of 7 days and 15 
others were recognized by the end of 1 month. There were 37 patients in whom 
the time elapsing before diagnosis was 1 month to 19 years. 


Table HI. Interval FROjt Injury to Diagnosis in 90 Cases 


interval 

1 NO. OP CASES 

1 PER CENT 

First 24 hours 

30 

33.3 

1 to 7 days 

8 

8.8 

7 to 30 days 

15 

16.6 

30 days to 6 months 

23 

25.5 

Over 6 months 

12 

13.3 

Not made before death 

2 

2.2 


These figures suggest that the diagnosis is not ahvays readily apparent at 
the time of injury. Therefore, a review of the initial symptoms and findings 
immediately following injury (Table IV) discloses several facts which are re¬ 
markable. Pneumothorax, said to be present invariably, was identified in only 
55 of 82 eases in which this information was recorded. Tension pneumothorax, 
which has also been said by several authors to be an almost constant finding, 
oceui’red in only 21 cases. Subcutaneous emphysema was present in just slightly 
over half of the patients. The remainder of the findings listed, although fre¬ 
quent, were not consistently present. 
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How, in the face of nonspecific symptoms, physical and x-ray findings, can 
the diagnosis be established soon after injury? First, the history of compression 
or crushing injury to the chest should alert the physician. Second, a patient 
presenting with a pneumothorax which, when treated with an intrapleural 
catheter, is found to have a large, inexhaustible air leak should be considered 
to have major bronchial injury until disproved. Third, an individual with 
massive or rapidly advancing mediastinal or subcutaneous emphysema should 
be suspect. Finally, patients with these or less specific findings should not be 
allowed to escape clinical and radiographic observation until at least 2 Aveeks 
have elapsed following injury. X-ray studies made after this interval Avill 
almost eerfiainly reveal the presence of tracheobronchial irrjury because of the 
developing atelectasis which rvill occur should it have escaped detection during 
the first 48 hours. 

Bronchoscopy should be performed as soon as bronchial injury is suspected. 
There should be no hesitancy in repeating brorrchoscopy if the findings are in¬ 
conclusive or if clinical or x-ray findings remain consistent Avith broirchial in¬ 
jury. From the reported eases there are several instances in Avliieh the first 
bronchoscopy has not disclosed the injured area. Case 4 of this series Avas 
bronchoscoped on the third day folloAving injury but the surgeon failed to dis¬ 
cover the avulsed left main bronchus. This is not unexpected Avhen one con¬ 
siders that bronchoscopy is being conducted under emergency conditions and 
the bronchial tree frequently contains blood Avhieli serwes to obscure the ex¬ 
pected laceration. The surgeon must exercise judgment about the extent of the 
diagnostic procedures permissible in the face of such an urgent situation. The 
diagnosis may have to be made and operative treatment planned Avith only 
clinical data for guidance, as Avas done in Case 6 of this series. 

Diagnosis in the late post-injuiy period is not difficult as a rule. Com¬ 
plaints of the patient are usually those of dyspnea on exertion and occasionally 
cyanosis. This obtains if there has been complete occlusion of a major bronchus. 
A more unusual situation is that of a pennanent stenosis of the trachea or major 
bronchus. In this situation there Avill usually be Avheezing and a cough pro¬ 
ductive of purulent sputum, since bronchiectasis may have developed. 

X-ray studies of patients Avith occlusion of a major bronchus characteristi¬ 
cally shoAV complete atelectasis of the involved lung Avith marked retraction of 
the mediastinum to the affected side. The chest Avail may also show retraction 
and the diaphragm Avill be elevated. If the injury is to a lobar bronchus the 
findings Avill be of the same variety but less marked. If there is an incomplete 
disruption Avith stricture, bronchiectasis or lung abscess distal to the injuiy may 
be found. Occasionally, obstruetiA’C emphysema maj^ be present if the area of 
stenosis is very small. 

Bronchoscopy, bronchogTaphy, and planograms are A'^ery useful during the 
late post-injury period in confiimiing the clinical and x-ray diagnosis. 

Treatment must be considered from several vieAvpoints, de¬ 
pending upon the condition of the patient, the presence of associated injuries. 
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tlw pieseutmg symptoms and then eaily progiess, and the availability of aiies 
thesia foi intiatlioraeic suigeiy, opexatmg loom facilities, and a suigeon capable 
of eaiiying out nhatover eoiicetne pioceduie is leqiined 

1 Emly management This gioup of patients should include all of those 
so injiuod, howevei, expeiiciice has shown that only 33 per cent of the eases were 
oven diagnosed in the flist 24 hours 

Some patients mil picscnt with clinical situations lequning immediate coi 
lective attempts, lapidly peifonncd, and picceded by minimal diagnostic pio- 
ceduies Occasionally, heioio steps to save the patient’s life may be necessary 
Tension pneuniothoiax lepiesents one of the tiiie emeigencies It should be 
managed first bj insertion ol a needle into the plemal space foi the aspnation 
of an and leplaced by an intcicosfal cathetei with watci seal suction diainage 
as soon as possible Eapidly advancing mediastinal omphjscma may be con- 
tioiled by such measiues but, if piogicssne oi if it is iinassociatcd with a 
pneumothorax, may sometimes icqnue an incision m the siipiasteinal fossa 
foi the escape of air If the air leak is uncontrollable by these measiiics, 
bionehoseopy to estabbsh the diagnosis slioiild be followed by immediate 
thoiaeotomy, and diieot suture oi leanastomosis of the torn or aiulsed tiaehea 
or bioncluis 

Airway obstiuction may be aeute because of mtiabioiiclnal bleeding and 
may be pioclueed bv a disiniplioii of the tiachea Tracheostomy and bionchos 
copy may he idaily neccssaiy men under admitting loom conditions If the 
injiin is tiaeheal and the airway cannot be assined, men by passing a cuffed 
iiitiatiacheal cathetei hojond the point of inyiiryq thoiaeotomy may be in gently 
leqimed 

Contiaiy to what one might expect, the situations desciibed aie not common 
and the patient may be expected to siunxe the fiiBt few houis without seiious 
difficult! This IS eiideneed bv the fact that theie weie but 7 deaths in the 
fiist 24 houis m the 93 eases lepoited, 8 patients requiied emeigcney tiache 
ostomy and only 21 had tubes nisei ted foi tension pneiimotlioiax Only 4 of 
the 98 patients lequned uigeiit thoiaeotomy This, howevei. may' be a mislead 
ing figino because theie weie othei individuals who should have been opeiated 
upon eaily had the diagnosis been made 

The piosenee of other seiious injuiies sueh as nitncianial injuries and 
long bone fiaetines may requue their taking pieeedence if the iiatient’s lespn i 
toiY status is not seuously impaned, even though the bronchial mjuiy nni be 
leeognized Ceitainly expeiience has shown that delayed pimiaiy icpan, al 
though moie difficult, may be expected to give good lesnlts 

It IS also suggested that thoiaeotomy be defeued, it possible, inifd nlegtitte 
anesthetic and siugieal faeilities aie axailable An emeigeney that uotonn nnh 
mexpeiienced anesthetists oi suigeons may unnecessaiily cause die ih ith. of if>g 
patient when siugieal inten ention might well have been dch' * '“'^‘‘hina'eh 
tins particulai ty-pe of mjuied patient is not iisualh achind'''*■* “’■''bed 
wheie management might be imdeitaken imdei idea! eom/'f-' '' 
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2. Late inanagement: In this event the surgeon may examine the patient 
by any or all specialized techniques at his leisure and undertake definitive 
surgery with adequate preparation and planning. The type of procedure may 
be dictated by the location and extent of the injury, the condition of the lung 
distal to the point of injury, and will be influenced by the preference of the 
surgeon for one teclurique over another. 

Techniques. —The following are described as the measures currently used, 
which may be of value. 

1. Primary suture or anastomosis: Primary suture is without doubt the 
procedure of choice when possible. In the immediate period following injury 
this is easily done from a technical vie^vpoint, requiring only debridement and 
suture. The position of the patient requires comment. Exposure of the left 
main bronchus and eaidnal area fi’om the left wiU be difficult when approached 
through an anterior or posterolatei*al incision. This difficulty is obviated almost 
completely by the prone position. Mobilization of the aortic arch may be re¬ 
quired but is seldom neeessar}^ Anesthesia must be temporarily administered 
by advancing the intratracheal tube into the opposite bronchus. The use of a 
double lumen tube such as the Carlen’s tube is not of practical value in this type 
of procedure. 

The suture material is a matter of personal preference. The authors prefer 
silk or cotton; however, stainless steel wire wiU serve well and is preferred by 
many. To prevent suture granulomata, Paulson suggests that sutures be kept 
extraluminal. Primary anastomosis after a delay of days, weeks, or months is 
much more difficult. There will be considei’able scar tissue and inflammatory 
reaction in the area of injury. This may make the bronchial stumps difficult 
to identify. The freeing of the bronchus fi*om the pulmonary arteiy may be 
tedious and hazardous. The prior encirclement of the main pulmonary artery 
by an umbilical tape will provide a margin of safety. 

When the distal bronchus is opened, it will be found filled with a gray- 
green, clear, gelatinous mucus. As much as possible of this material should 
be removed by carefully aspirating all lobar and segmental bronchi prior to 
anastomosis. The area of suture should be buttressed by mediastinal tissue or 
pleura and must be airtight to i>ositive pressure applied by the anesthetist be¬ 
fore the chest is closed. The pleural space should be drained with two 
catheters connected to water-seal bottles. 

Postoperatively, more difficulty than usual with bronchial secretions may 
be experienced. Complete expansion and dealing of focal areas of atelectasis 
may take several days. Bronchoscopy should be performed on about the third 
day to clear the sutured area of encrusted secretion. Later in the postopera¬ 
tive period, bronchoscopy is indicated to reveal beginning structure, as oc¬ 
curred in Cases 4 and 7 of the present series. This is usually produced by 
granulation along the suture line. Dilation and the removal of sutuies 
bronchoscopieally may be required. A note of caution also must be made 
against excessive endoscopic manipulation which may serve only to injure a 
healing bronchus. 
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Table VI. Hethods axd Ees0lts of Treatment in 95 Cases 


METHOD 

GOOD 1 

results 

POOR 

|DE.VTH' 

1 TOTAL 

Primarj- repair 

44 

4 

1 

49 

Eesection 

24 



24 

Bronclioplasty 

3 

1 


4 

Dilation of stricture 

3 

2 

1 

6 

No treatment 

8 

4 

7* 

19 


*Two of these died before any therapy could be Instituted. 


Eesection has been shown to proAnde a satisfactory result if one is mlling to 
ignore the respiz’atory loss that these patients sustain. Most resections were 
pneunzoneetomies which az-e particulaz'h* undesirable from the standpoint of 
postoperative fuizetion. 

Primary repair is the obvious method best suited for inzmediate control of 
the injured broizehus, at the same time presezwing maximal fiznetion. 

Complications .—Complieatioizs have been exeeptiozzally unusual in the re- 
poz’ted eases and one wondez’s if those in the litez’atzu’e az’e z’epozded because of 
the good result obtaizzed azzd the less satisfactoiy ones were less lilcely to be 
published. In this series of 7 eases there wez'e significant complications. The 
patient in Case 4 developed a high-gz*ade stzncture at the site of anastomosis 3 
months after primary repair. This zvas maizaged successfully by utilizing a 
wiz’e-suppoz*ted dezazzal graft. Although the authoz’s did not perfozazz the initial 
operation tliere is no reason to suppose that this nzight be an iznexpected compli¬ 
cation. Stricture following anastomosis of azzy hollow viscus is a predictable 
complication. However, meticulous teeluzique and prevention of infection and 
suture gz’anzilomata should minimize its frequency. 

Case 7, at operation, was found to have extensive parenchjmzal fibrosis to 
the point that complete expansion coidd not be prodzzced. The fiizal z'esult, 
therefore, "was poor. This has been previously reported by Moriclzau-Beauchant 
izz a case iiz which the liuig had been atelectatic foz* 19 yeaz's. 

The patieizt in Case 2 developed a complete stricture in spite of repeated 
dilatations and although the final result of delayed anastomosis was good, the 
folly of dilatatioiz as a procedure of choice is demonstrated. 

SUAI5I.ARY 

Sevezz cases of iizjuz'ies of the tracheobronchial tz’ee have beeiz z’epoz’ted. 
These have beczz considez’ed "with 91 fi'om the litez’atuz’e z*eported since 194 i. 
Cez’taizz facts azzd principles have emei'ged from this study: 

1. Injuries to the trachea and the znajor bronchi are occurring with in- 

cz-easizzg freqizency. _ . . . , 

2. Cozzipz’cssion oz’ cz'izshizzg chest tz’auma is the zzzethod of injuzy m t e 

zzzajozaty of eases. 

3. Symptozns azzd signs may include subczztazzeous eznphysema, dyspnea, 
cyanosis' hemoptysis, pain, shock, azzd pnezzzzzothorax. These are not con¬ 
sistently present and may not be of szzfficient degree of sevezity to arouse early 

szzspicion. 
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4 Ifoentgenogiaphie finclingb may be those i elated to pneumothoiax but 
juay be negative oaiiy Late loentgenogiains usually show complete 
atelectasis 

5 Bionehial laceiations should be suspected fiom the type of tiauma and 
when tension pneumotlunax oi subcutaneous emphysema aie piesent A caie- 
ful radiogiaphie followup foi at least 2 weeks will disclose most injuiies 
escaping eaihci detection 

6 Bionchoscopy will usually establish the diagnosis but may be supple¬ 
mented by bronchogiapliy and planogiaph> 

7 Immediate piimaiy lepau oi anastomosis is the piefciable tieatment 
This IS almost always technically feasible Delayed anastomosis, even though 
a penod of weelts, months, oi yeais has elapsed since the mjiuy, will usually 
be successful The functional lesult obtained is also usually evcellent 

8 ResLction is not pieleued because a potentiallv iunctioiung lung is ic 
moved which may icsult in seiious uspiiatoiy insufficiency 
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At surgery, a right thoracotomy was done. After the trachea had been, dissected away 
from the surrounding structures, it was found that the tear had almost completely gone 
across the trachea about 3 cm. above the earina. Approximately one sixth of the circum¬ 
ference on the left side of the trachea had held. The major portion of the stenosis was 
really a crumpling of the trachea which, wlien it was fully dissected out, could be repaired. 
With freshening of the ends of the trachea, an end-to-end anastomosis with a very adequate 
lumen was accomplished. 

This patient did have a complicating hemothorax which prolonged his convalescence, 
but he has since made a complete recovery and has a normal voice. 

I again wish to express my appreciation to Dr. Hood and Dr. Sloan for this interest¬ 
ing paper. 

DB. HAEVEY W. KAHSEL, Albanj-, N. Y.—1, too, havm enjoyed this presentation, 
and concur with the authors that the immediate treatment rarely requires major thoracot¬ 
omy. The patients usually can be maintained with tracheotomy and catheter drainage if 
this is indicated, although occasionally, as Dr. Shaw pointed out, immediate thoracotomy 
certainly must be undertaken. 

I should lUre to present a variant of this condition which was alluded to by the 
authors. 

This slide is of a 21-year-old farm boy who ran into a telegraph pole and sustained 
an injury to his anterior chest; tliere were no other apparent injuries other than minor 
abrasions of the knee. He was hospitalized, and for reasons that are not clear was 
placed on penicillin for a period of 8 days. He was never kept in bod. Eilms of the 
chest, this one and others, revealed no evidence of fracture. 

However, prior to discharge he complained of a cough. This film, rvhich was taken 
at the time of admission, shows uo fracture of rib, and a lateral film showed no sternal 
fracture. However, you will notice that there is subcutaneous emphysema in the cervdcal 
region. 

(Slide) Despite the cough, the patient was allowed to go home and he was very 
recalcitrant to further investigation or treatment, and only after 6 months had passed did 
he return for medical assistance with a chronic productive cough and a weight loss of 
40 pounds. A plane film of the chest reveals rather marked dilatation of the stomach; 
uo other appreciable abnormalities. The cough was always precipitated by deglutition, 
particularly fluids, 

(Slide) At esophagoscopy a fistula could be readil}' seen and a ureteral catheter 
w'as passed down the esophagus into the stomach and another smaller one througli the 
fistula, and you can see it residing in the left lower lobe bronchus. 

(Slide) The patient was explored. There was marked reaction around the esophagus 
and the membranous trachea wms so thickened that it was possible to close this with two 
layers of silk. The esophagus was closed in a routine manner and a flap of parietal pleura 
placed between the two suture lines, which we think is very important, where two suture 
lines might abut, because of recurrence. 

The mechanism of this injury is not completely understood. We feel that probably 
the cartilaginous rings are straightened out by abutting on the vertebral body, lacerating 
the membranous portion of the trachea, and then the cartilages snap back and they pick 
up the esophagus and perhaps cause this laceration. 

DR. RICHARD M. PETERS, Chapel Hill, N. C.—We have been interested in two 
aspects of this lesion; namely, the mechanism of injury and some of the late results of 
chronic atelectasis. If the mechanism of injury is due to a shearing force it should be 
common in high-speed accidents. It is actually more common following crushing injuries, 
as pointed out by Dr. Hood. We postulate that the crushing force acutely increases the 
pressure in. the trachea by compressing the air. According to Laplace’s Law, the tension 
in the wall is directly proportional to the radius of the vessel. This fact would explain 
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why injuries of the trachea and major bronchi are most common Ruptured bronchi uhen 
bcon in the acute stage are not neatly sheared but ha\o stellate tears. This typo of injurj 
further supports tho concept of blowout 

Wo also are interested in the late results of chronic atelectasis and why these 
patients do so well eien without oporatiie repair. 

This slide shows an angiogram of a dog ivJnch had its bronchus transected when 
it was a puppy. Tho angiogram shows that there is virtually no circulation in tho right 
lung m tins dog The next slide demonstrates another angiogram after the bronchus was 
repaired Tho repair was not done until tho dog was 2 years old. There is now some 
circulation in tho lower lobe region on tho right although if this angiogram is analyzed 
carefully jou will see that most of the circulation comes from the good lung 

Tins slide shows the autopsy specimens Tho lower one is tho lung that did not have 
a transected bronchus; the upper one is tho total lung on the other side, demonstrating 
that the lung does not grow if there is no ventilation but is less than one quarter the size 
of the control 

I think it IS important to point out that we all advocate repair m these circumstances, 
but there are very few reported oxjgcn saturation studies, particularly with 100 per cent 
oxygen, to bo sure there is no sjgnilicant shunt in these patients after repair. Wo should 
still have reservations about how much improvement wo are giving tho patients with 
chronic atelectasis. 

DR EDOUARD D GAGNON, Montreal, Quebec—I enjojed this paper very much. 
It was beautifully presented and so well illustrated 

I would like to restrict my comments to the mechanism of injurj. The previous 
discusser mentioned something m this respect. We have been working on this problem, 
and have recentlj reported this work to tho Rojal College of Surgeons in Canada. It 
will bo published shortly 

I think that wo are dealing with two problems I have always been confused trjing 
to decide tho diRorence in the clinical picture between a complete rupture and a partial 
rupture I believe that some of tho slides shown todaj, wliero the bronchus is completelj 
torn across, especiallj tljo one by Dr Sliaw, arc probably the result of a shearing force, but 
when there has been a partial tear, whether in tho trachea, the mam bronchus or the 
smaller bronchi, it is a ‘'blowout " 

Wo all know the Zeuch theory Macklin, m 1937, who was then Professor of 
Histology in London, Outano, earned out some verj interesting work lu tho bronchi of 
cats, placing a catheter in the lower lobe bronchus and injecting air He described and 
published at that time, and again in J938 and 1939, some pathwaja that the air followed 
after rupture or blowout of tho smaller bronchi, tho air creeping back along the vascular 
coverings of tho bronchial tree back toward the mcdiastmum 

Wo repeated this work, but with a cuffed tube, and found that the air not only came 
out of the bronchus and crept along the blood vessels, but also dissected backward along the 
bronchi I think that in partial tears, due to the mcroise m pressure and a closed epiglottis, 
there is a blowout or partial tear This would explain the clinical picture presented by tlie 
authors of a man. who, 18 hours after injury (and rememlicr ho had hemoptjsis m between 
his injurj and the clinical picture) becomes a “puff ball man*^ as described in the literature 

Tho lafe “puffball man” is probably duo to thi'? creeping back of air along the 
bronchial coverings 

I would like to know what the authors think about this mechanism of injurj. 

DB HOOD (Closing) —I would like to thank tho discussants for their comments and 
for adding to this problem 

The problem mentioned of tracheal esophageal fistula is an unusual problem. There 
have been onlj- S eases reported m the literature up to now in which this has been a 
result of this tjpe of trauma I think the operator in this case was fortunate fo secure 
1 pnmarj repair without difficultj 
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This particular lesion in adults has had a notorious incidence of recurrence^ and I 
think in this particular situation that the type o£ repair, as suggested first by Brantigan 
and later by Boss, is of value. This consists of interposing a pedicled muscle graft from 
the chest wall to separate these two suture lines. 

The problem of shuntuig in prolonged atelectasis is well known. Two of our patients 
and the 1 reported by Mahaffey, which are the only ones in whom careful measurement of 
pulmonary ventilatory function has been done, have shown relatively normal values. Measure¬ 
ments have shown that the shunts have been relatively small. None of these patients has been 
cyanotic. I think perhaps if these had been injured in cliildhood the lung might not have 
grown, the vasculature of the lung might not have developed. But I think with the injury 
sustained in adulthood there will be little detraction from the final function. At least this 
lias been our experience. 

So far as the mechanism of injury, we have no plausible theory to suggest the exact 
mechanism of a rupture of the bronchus, although we are of the opinion that it is a 
shearing trauma. If it were a matter of pressure increase, I would think that the 
cartUaginous portion of the bronchus would remain intact. Perhaps the membranous part 
might rupture but not the thicker part. 

Also, I would think that if this were the case there would be vascular injury on 
occasion—rupture of the great vessels, pulmonary vessels, or pulmonary veins. This has 
not been reported. 

Furthermore, we are all familiar with the children who have had excessive endo¬ 
tracheal pressure applied in surgery, in attempting to expand lungs, and of course tlie 
only thing that ever ruptures is the alveolar areas of the lung. I don’t believe—at least 
this is my opinion—that intrabronehial pressure increase is responsible for many of these 
injuries. 



ADVERSE SURGICAL EXPERIENCE IN THE TREATMENT 
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(by invitation), Edwin T. Long, A!.D.'** (by invitation), William 
Lester, fr., M.D,** (by invitation), and William E. Adams, 

M.D.,* Hinsdale and Chicago, III. 

1NTROI>\3C110N 

N tj.itEBOUs reports in the literature describe the isolation of "atypical” acid- 
fast organisms from the sputum, gastric washings, or pleural fluid of pa-' 
ticuts with puhnouavy disease simulating tttberoulosis.^’“® Among these 
atypical organisms were recognized various strains which became known as 
photochroinogeuie bacilli, "chromogenic” bacilli, nonphotochromogenic ba¬ 
cilli, “yellow” acid-fast bacilli, etc. Initially much unceiininty existed as to 
the relationship of these various atypical acid-fast organisms to human pulmo- 
naiy disease. Many of these atypical bacilli were considei'cd nonpathogenie on 
the basis of their inability to produce lesions in the guinea pig and were re¬ 
garded as saprophytes. More recently the use of improved and reliable bacteri- 
ologio techniques has led to increased reeogmtion of the role of atyineal acid-fast 
bacilli in human pulmonary disease. Classification of the atypical strains into 
more or less well-defined groups has assisted in a clarification of tins role. The 
first major groups of atypical organisms to be recognized on the basis of culture 
characteristics were the photoehromogenie, nonphotoclu'omogcnic, and the skoto- 
chromogenie types.-® 

Our interest in the atypical acid-fast infections stems from the fact that, 
in the district served by our hospital, 35 per cent of paticiUs with positive 
sputum cultiu'cs yield atypical acid-fast bacilli in their culture.s. Of these 
atypical cultures, 18.4 per cent arc of the photoclu-omogenie group and G7.8 
per cent are classified as skotoehromogcnic. 

Read at the Thlrty-nmth Annual Meeting of The American Asjjoclation for Thoracic Sur¬ 
gery at Los jtnsreie*. Calif.. Aprjl 10S9 

This work %vas aupporteil in part by a. research grant from tJic Illinois Tuberculosis A.s- 
fsociatlon 

•From the pepartment of Surger>% The tJni\€rsily of Chicago Scliooi of MeUieme, Ciiicago, 

*** •*From the Suburban Cook County Tuberculosis Hospital-Sanitarium. Hinsaale, Ill. 
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In onr eai’ly experience, the atypical infections were regarded not un¬ 
like typical acid-fast infections with regard to chemotherapy schedules and 
surgical therapy. However, in managing cases of photoehromogenic acid- 
fast infection, it soon became apparent that we were confronted with an 
organism resistant to conventional chemotherapy and a disease process that 
produces a higher surgical complication rate following limited type resections 
than was experienced in the treatment of typical acid-fast infections. Because 
of the large concentration of this type of case in our area and, consequently, 
a wider surgical experience in this type of infection than has been reported 
elsewhere to date, it was thought that an analysis of these cases would be 
profitable. 

The following report will attempt to define the presently recognized types 
of atypical infections encountered, the clinical characteristics of these diseases, 
the role of chemotherapy and surgery in such infections, and the histopatho¬ 
logic findings in surgical specimens. An attempt Avill be made to explain the 
higher incidence of surgical complications encountered in the photoehro¬ 
mogenic infections and to present our current views on surgical therapy in 
such infections. 

CLINICAL 3IATERIAL 

t 

Case records of patients treated and undergoing surgery at Suburban 
Cook County Tuberculosis Hospital Sanitarium between June 1, 1955, and 
Jan. 1, 1959, and later followed as outpatients, form the basis of this report. 

METHODS 

Bacteriology .—Selected material from sputum and from resected lung 
tissue was studied by direct smear, culture on Lowenstein-Jensen medium, 
evaluation of drug resistance (streptomycin, isoniazid, and para-aminosalicylic 
acid), and guinea pig inoculation. Judging a positive culture to be atypical 
was based on the (1) careful examination of properly stained smears, (2) the 
systematic observation of colonial morphology, (3) the development of or 
change in colony pigmentation after exposure to light during the active phase 
of growth, and (4) the results observed after intraperitoneal and subcutaneous 
inoculations into guinea pigs. Details of methods employed have been de¬ 
scribed earlier.-’^ On this basis, atypical organisms can be classified into four 
groups as follows. 

I. Photoehromogenic acid-fast bacilli: The principal distinguishing feature 
of these strains is that the colonies are capable of acquiring a golden or 
lemon-yellow color after exposure to light. The colonies usually are quite 
smooth. In general, the photoehromogenic strains produce a recognizable 
growth in 10 to 14 days on primary isolation. Guinea pig inoculation with the 
photoehromogenic strains demonstrates that these organisms are much less 
virulent than typical tubercle bacilli. Subcutaneous injection of the photo¬ 
ehromogenic strains in the guinea pig gives I’ise to local abscesses at the site 



^0} 3S \o 4 AayPICVL ACID FAST BACILLI IN PULMON^VBY DISK\SE 
Octobtr J9>9 


483 


of injection witli littlo c\idence of ftutlici sjncad of dibcasc lutiapeiitoiieal 
injection of tiiese oifjam&iiis jnoduccs <iu infection involving the seious sui- 
faces of the omen turn, hvci, and spleen, giving use to superficial, caseous 
nodules eoiitaiiiing the atypical acid fast bacilli Both iiitiapeiitoiieal and 
subcutaneous inoculations of these oiganisms pioduec tuberculin sensitivity 
in guinea pigs 

II Shotochiomogcnic acul fast hucxlh- This gioup of atjpical aoid-fast 
oiganisms pioduees oiango to brick-ied pigmented colonics when giown in 
the daih Tlicic is a lude laiige of colony moiphology fioin huge and flat 
to small and dome sh iped The skotochiomogenio stiains usually lequire 8 
to 4 weeks incubation to bceomc appaiciit at the time oi piimaiy isolation 
Guinea pig inoculation, eithei iiitiapeiitoneal oi subcutaneous, iwth these 
oigamsms fails to dcmonstiatc significant viiulence although the majouty 
of injected animals heeome tnbeiculin positive Howtvci, no jiiogiessive oi 
invasive disease oeouis and the animals laiely die 

III Nanphotochamoocnio stioins (Baiteg type): These oigamsms pto- 
diico colonies whioh aio variable in pigmentation longing in coloi* fiom buff 
to light oiange but arc not alteicd by exposure to light The colonics are 
smooth, moist, and often appeal as a confluent, buff coloi ed film with an oe- 
easional laige colony using out of the diffuse giontli The cells aie slioiter 
and moie coocoid than aie typical tubercle bacilli The inoculation of many 
of these strains into guinea pigs Jesuits in jiiogicssive disease giossly m 
distinguishable fiom that pioduccd b) tyjiieal human type cultuics 

IV Rapidly gi owing atypical stiains These stiains aie leeoguized and 
eategouaecl on the basis of then ability to giow lapidly on aitificial media 
to the extent that adequate colonial giosvth is Msible by the seventh day of 
ineufaation The colonies aie cieaiii to buff in color and do not dec clop any 
additional pigmentation aftci exposuie to light These cultuics fail to pio- 
duoe invasive oi piogiessise disease in guinea pigs These oigamsms aie 
distinguished piimaiily by their complete lesistance in mUo to stieptomyciii, 
PAS, and isoiiiazid 

Pathology —Surgical specimens fiom patients luideigomg pulmonaiy le 
section weie subnutted to the patliologist foi gioss and histopatiiologio study 
Employing steide teehniqiie, matcinl was lemoied tiom esch specimen foi 
study, which included mioioscopic examination, eultuio, and animal inocnla 
tioii 


OliSEBV irlONS 

Suigieal expeuence m the atypical infections has been iiiimauly limited 
to the photoohiomogeiiio and skotoehiomogemc types and theiefoie each of 
tiuse gioups will be considcied sepaiately 

Photochrmnogenic Infections —One bundled and eight patients with piilmo 
naiy disesso caused by atypieil photoehiomogemc acid fast bacilli have been 
lepoited fiom oui lahoratoij, lepicseiitmg 1 8 pel cent of all positive enltuies 
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and L8.4 per cent oi’ all atypical cultures. Twenty-four of these patients have 
undergone 30 surgical procedures in the course of their treatment. Clinical 
data on these patients are tabulated in Table I. 

The average age of these patients was 41 years and they ranged in age 
Irom 24 to 63 years. Eighteen (75 per cent) of tliese patients were males and 
G (25 per cent) were females. 

Seven of these patients entered the hospital with the roentgenographic 
classifleation of “far advanced” and 17 wore classed as “moderately ad¬ 
vanced.” Four of the patients demonstrated bilateral disease, and cavitary 
disease was present in all cases. The most strildng roentgenographic finding 
in these cases was the presence of thin-walled cavities—this observation being 



r’lsr. 1—C C., 26-year-old woman. Admission loentgonogiam levoalod a 1'i cm thin- 
walled cavity m left subapvcal aica Spvitum was smeai and culUuc positive for atypical 
photochi oniotfonio acid-fast bacilli 

made in nearly one half of the cases (Figs. 1-3). These cavities ranged in si^e 
from 1 to 5 cm. in diameter and not infrequently were solitaiy isolated 
cavities. Otherwise, the x-ray appearance of this disease was similar to and 
indistinguishable from typical pulmonary tuberculosis. 

All but one of these patients yielded positive sputum cultures for photo- 
ehromogenic mycobacteria on admission. The cultures were studied in terms 
of their resistance to streptomycin, isoniazid, and PAS. All of the cultures 
were obtained jirior to the initiation of antituberculous chemotherapj^ and 
thereby characterize the original pretreatment levels of drug resistance en¬ 
countered in these photochromogenic acid-fast cultures. These atypical cul¬ 
tures uniformly manifested significantly elevated resistance to all of the 



Table I. Clinical Data and Surgica ence in 24 Patients With Atypical Photochromogenic Acid-Fast Infections 
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standard antitiiberculons drugs but most strikingly with regard to strep¬ 
tomycin and PAS. This finding is, in our experience, typical of photochro- 
mogenic cultures. The average duration of chemotherapy in these patients 
prior to surgery was 6 months, ranging from 2 to 15 months as tabulated in 
Table I. Early dosage schedules in these cases were “conventional,” i.e., 
isoniazid 300 mg. daily, PAS 12 6m. daily, and streptomycin 1 Gm. twice 
weekly. More recently, larger dosages of isoniazid and streptomycin have 
been employed in some eases, isoniazid 600 to 1,200 mg. daily and streptomycin 
1 6m. daily. In general, the roentgenographic response to therapy was unim¬ 
pressive. Slight to moderate clearing of infiltrates was observed in 14 eases.' 
In 6 cases, the cavity reduced in size and in 3 instances cavity closure was 
noted. Six patients showed essentially no roentgenographic response to 
therapy prior to surgery. 

Surgical experiences in the photochromogenie infections are tabulated in 
Table I and summarized in Table II. 


Table II. Experience in the Surgical Treatment of 2-i Patients With Atypical 
Photochromogenic Acid-Fast Infections 


TYPE OF SURGERY 

NUMBER 

OF CASES 

MAJOR COMPLICATIONS 

COMPLICATION 

RATE 

Subsegmental resection 

5 

2 reactivation or recurrence 
of disease 

40 % 

Segmental resection 

6 

3 bronchopleural fistulas 
with empyema 

50 % 

Lobectomy 

1 

0 

0 

Pneumonectomy 

2 

0 

0 

Plombage thoracoplasty 

15 

3 failure to convert sputum 

20% 

Conventional thoracoplasty 

1 

1 failure to close broncho¬ 
pleural fistula and convert 
sputum 

100 % 


Fourteen pulmonaiy resections were performed for photochromogenic 
acid-fast infections. Five of these were of the subsegmental or wedge type, 
six segmental resections, one lobectomy, and two pneumonectomies. 

Two of the 5 patients undergoing subsegmental resections developed 
major postoperative complications in the form of recurrence or reactivation 
of disease. Positive sputum cultures were obtained 5 and 15 months post- 
operatively. One of these patients subsequently underwent a paraffin 
plombage thoracoplasty that resulted in sputum conversion. The remaining 
3 patients with subsegmental resections did not experience any major post¬ 
operative complications. This would represent a complication rate of 40 per 
cent for subsegmental resection. 

Three of the 6 patients treated by segmental resection developed broncho¬ 
pleural fistulas with empyema postoperatively. These fistulas and empyema 
spaces were treated by surgical collapse procedures—conventional thoraco¬ 
plasty in one instance and paraffin plombage thoracoplasty in 2 cases. The 
two plombage thoracoplasties resulted in control of the fistulas and oblitera¬ 
tion of the empyema spaces, but the conventional thoracoplasty failed to con¬ 
trol the fistula and empyema space. Subsequently, in the latter ease, because 
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of peisistently positive spiitiiiii eultuics, it was necossaiy to peifoim a pleuial 
pueumouoetomy foi contiol of the patient’s disease These 3 cases out of the 
total of 6 segmental leseotions would lepicseiit a coinplioatioii rate of 50 
per cent 

The single patient ticated by lobectoiiij foi pliotooluomogenie infection 
expeiienced no postopeiatue conipheations 

The two pneumonectomies peifoimcd iii the photochiomogeiiic gioup 
lepresent seeoudaiy pioeeduies aftei othei suigieal pioeediues had failed to 
contiol the disease One case has been desciibed above nndei the segmental 
leseetiou gioup The othei ease icpiesents a failure of paiafSn plombage 
thoiacoplasty to close the eaiitaiy disease and achieve sputum eoiiveision, 
theieby loading to pneiimoneetomy foi contiol of the disease Postopeiatively 
major eoniplications weic not eiieouiitcied in eithei case 

Si-s.teen siirgieal eollapse pioccdnics wcie earned out in an attempt to 
contiol atypical photochiomogenic infections (Table I), 15 of these weie of 
the paraffin plombage thoiacoplasty type while a conventional type tho 
raeoplasty was employed m 1 case Pailnie of the thoiacoplasty to eollapse 
oa\ Italy disease and result in sputum cultuie coiiveision oi to obliteiate a 
postiesection cmiiytma space and icsiilt in closuie of a bioneliopleuial fistula 
was obseived in 4 eases lepiesentiiig 25 pei cent of all cases in which collapse 
tliciapy was peifomied 

In spite of tins high postsiugieal complication lafe, 91 5 pei cent of all the 
patients mth pliotoeliiomogcnio aoid fast mfcetions tieated by siiigeiy ulti 
mately ospeiieneed a good lesult with lespcct to adequate contiol of then 
pulmonaiy disease 

The tissues fioni the photochiomogenic eases demonstiated the whole 
gamut of the anatomic and histopathologic findings seen in typical human 
tjpe ilycohacta luni tuhei culosts, vai hominis No organisms othei than acid 
fast baeilli weie cncounteicd in the lesions The cases with photoohromogeme 
infection, howevei, e\hibitcd distinct histopathologic diffeiences Neaily all 
of the smgical speeiinens contained cavities commumeating widely with 
bionchi The cavity walls and adjoining lung paieiiehyma exhibited an abun¬ 
dance of gianviloraatous tissue and tubeicles containing giant cells, epithelioid 
cells, and caseation iieoiosis The cavities weie iircgulai in shape and lined 
by aotue giauiilation tissue While most poitions of then walls were thin 
and devoid of a distinct limiting fibioiis peiipheiy, in some portions they weie 
eucioaohed upon by iriegiiUi confluent solid foei coutaimng an admixtme of 
easeous mateual, /ones of dense fibious tissue, and giamilation tissue m vaii- 
ous stages of oigainzation These foci weie ill defined, modelatcly fiiin, often 
yellow, and devoid of a capsule They weie often in close pioximity to broil 
chi Tho solid foci weie set close togctlici and theie was little bronchogenic 
disseniiiiatioii The most outstanding pathologic featme in ovci 90 per cent 
of oases was imolvement of the bronchi by the disease pioecss The lesions 
weie not nieiely lestiicted to the bionehns draining a specific foeus but 
extended towaul the liiluin of the lobe via the submucosal lymphatics and 
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I\. H. 29]M Miiiiiiial; small INII-i 3 No response Normal Negative Subsegmental None Good 

circumscribed PAS lespction of 

density in SM+ ,ighl upper 

right upper lol,e 

lobe 
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ranged from frank nleeration to mild subepithelial lesions. The incidence of 
this pathologic pattern was much higher than that obseiwed in a comparable 
group of cases with typical tuberculosis (29 per cent). The amount of both 
free and phagoeytosed fat, including birefringent material, was also greater 
in the cases of photochromogenic infections. Large numbers of histiocytes 
and giant cells contained small fat droplets, and numerous lipoid inclusions 
were noted within giant cells. Asteroid bodies were encountered in 40 per 
cent of cases and Schaumann bodies in 30 per cent. 

Skotochroniogenic Infections. —Ten patients yielded cultures positive for 
skotochromogenie acid-fast bacilli prior to undergoing surgical therapy. Clini¬ 
cal data on these patients are tabulated in Table III. The average age of 
these patients was 40 years, ranging from 20 to 63 years. Six of the patients 
were males and 4 were females. One of these patients entered the hospital 
with roentgenologic findings of far-advanced disease. Four of the cases were 
classified as moderately advanced and 5 as minimal. Five of these patients, 
on admission to the hospital, yielded sputum cultures positive for typical 
acid-fast bacilli and in the course of their treatment converted to yielding 
atypical skotoehx’omogenie acid-fast bacilli on culture. Five of these patients 
were admitted to the hospital xvith sputum cultures initially positive for skoto- 
ehromogenic organisms. 

Drug resistance studies on the skotochromogenie cultures revealed moder¬ 
ately elevated resistances to streptomycin, PAS, and isoniazid. These in¬ 
creased resistances are observed even when these strains are isolated from 
patients who have received no prior chemotherapy. The average duration of 
chemotherapy in these patients prior to surgery was 7 months, ranging from 
144 fo 30 months. Dosage schedules, in general, were isoniazid 300 mg. daily, 
PAS 12 Gm. daily, and streptomycin 1 Gm. twice weekly. 

In general, little response to therapy was observed by x-ray examination 
in the skotochi’omogenie infections. Five cases showed essentially no change 
during the course of therapy prior to undergoing surgery. Two infiltrative 
lesions were obseiwed to cavitate during therapy while in 3 other cases cavi- 
taiy disease was only minimally altered during the presurgical thei-apy period. 

Surgical expei’iences in the skotochromogenie infections are tabulated in 
Table III. Six pulmonary resections were performed for the skotochromogenie 
infections—three subsegmental resections, two segmental resections, and one 
lobectomy. No major postoperative complications were encountered in this 
group of resections. Four paraffin plombage thoracoplasties were performed 
in patients with skotochromogenie infections. The results of this surgical 
collapse therapy in these infections compares favorably with our obseiwations 
in typical acid-fast infections. 

Histopathologic examination of surgical specimens obtained from patients 
with skotochx’omogenic infections revealed findings not dissimilar to typical 
tuberculosis. No distinguishing characteristics or differences were attributa¬ 
ble to these infections. 

Typical Acid-Fast Zxx/ecfmns.—Table IV summarizes the surgical resiilts 
in 153 cases of typical acid-fast infections treated during the period of time 



Vol. 38,Xo.4 ATYinCAL ACtD-FAST BACILLr IN PtJLMONARV DISEASE 
October. 1959 


495 


covered by oiir observations on the atypical infections and is included for 
comparison to the I'csnits in the atypical groups. 

Table IV. Espbkience in the Sokoicai. Tkeat.vent op 153 Patients With Typical 
Aoib-Past Inpections 


TYPE OP SUllOERY 

NUMBER 
or CASES 

i 

MAJOR COMPLICATIOJJS , 

COMPLICATIOaN 

RATE 

Subsegnioatal resection 

14 

0 

0 

Seginentul resection 

28 

2 bronchopleural fistulas 
and/or empyema 

2 persistently positive 
sputum postop. 

2 reactivation or recurrence 
of disease 

21.4 

Lobectomy 

34 

4 bronchopleural fistulas 
and/or empyema 

1 persistently positive sputum 
postop. 

1 reactivation or recurrence 
of disease 

17.« <Io 

Pneumonectomy 

11 

1 bronchopleural fistula with 
empyema 

1 contralateral spread of 
disease 

2 deaths 

3«.4 % 

Plombago tJjoracopIasty 

62 

16 failure to convert 
sputum 

1 spread of disease 

27.4 % 

Conventional tlioraooplastv 

4 

1 failure t-o convert sputum 

25 % 


DISCUSSION 

PhotochromogcHic Acid-Past Infections .—^Photochromogenic acid-fast or¬ 
ganisms, also knoivn as the “yellow” acid-fast bacillus, are invariably isolated 
from patients with demonstrable pulmonary disease.-' Usually no other type 
or strain of acid-fast organism is ever recovered from these patients and in 
their surgical or atitopsy specimens only photochromogenie organisms have 
been recovered. 

When adding the morphologic and bacteriologic evidence together with 
the clinical picture, there seems little reason to doubt that these atypical 
mycobacteria are etiologieally related to the pulmonary disease seen in the 
patients producing sputum positive for these organisms. It is not clear at 
this time whether these organisms should be viewed as variants of liuman-type 
tuborele bacilli or whether they repi-esent infections with some other species 
of mycobacteria. Eighty-live per cent of all photochromogenio infections 
studied occurred in males and only 15 per cent of such cases were found in 
females. The preponderance of male cases of photochromogenie infection 
would suggest that the traiismissioii of this type of di.scase is less likely to be 
primarily on a familial or household basis. None of the patients with photo- 
chromogenic infections demonstrated signilicaut e-vudative or tnilntr, 
components in their disease daring our observation. The cases v 
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extent from minimal to far advanced but all seemed to be characterized by 
their chronic fibroeavitaiy quality and were especially prone to develop in¬ 
dolent thin-walled cavities. No instances of hematogenous or acute intra- 
pulmonaiy dissemination were encountered nor were any renal, bone and 
joint, or other extrapulmonary lesions found. 

The photochromogenic cultures uniformly manifest significantly elevated 
resistance to all of the standard antituberculous drugs, b\it this is most 
strikingly seen with regard to streptomycin and PAS. Patients Avith this 
type infection respond poorly to conventional ehemotheraiAy schedules. It 
seems probable that much if not all of the failure to respond to chemotherapy 
might be explained on the basis of the pretreatment resistance of these photo- 
ehromogenic strains to the antituberculous drugs. However, there may be 
other still unknoA\m factors related to the basic biologic characteri.stics of 
these organisms Avhieh may determine their failure to respond to chemother¬ 
apy. 

Companson of the lesions due to photochromogenic infections with typical 
tuberculous disease reveals differences in (1) composition of the tuberculous 
foci, (2) extent of endobronchial disease, and (3) amount and character of 
ingested and free fat. In the photochromogenic eases, the lesion commonly 
consists of irregular conglomerate solid foci bordering an otheinvise thin- 
walled caAdty. Althoixgh much connective tissue is discernible around some 
parts of the cavity Avail, and Avithin several portions of the conglomerate foci, 
the peripheral portions of the cavities and of the individual solid foci are 
generally ill defined and lack fibrous encapsulation. The process appears to 
groAv by contiguity and direct extension rather than bi-onchogenic dissemina¬ 
tion. The intimate admixture of adAmnced organization Avith active granu¬ 
lomatous disease and the poor encapsulation suggest an acthm, though sloAvly 
progressNe, process, such as may be caused by resistant organisms of Ioav 
Adrulence. The Ioav Adrulence of the organisms may also account for the 
relative lack of bronchogenic dissemination in the presence of seAmre endo¬ 
bronchial disease. The exeessh’-e amounts of fat and Schaumann bodies noted, 
likeAvise, may be the result of the biologic characteristics of the photochro¬ 
mogenie organisms. In analyzing the .surgical comifiication rate in the grou]) 
of photochromogenic infections, it is recognized that small numbers of cases 
are involved in each series and therefore percentages are less meaningful. 
Nevertheless, the complication rates observed are of such a magnitude that 
they undoubtedly haAm real significance. It has been obserAmd that in the 
eases of photochromogenic infections in AA^hich resection Avas performed and 
complications folloAved, all Avere limited type resections—subsegmental or 
segmental. Furthermore, 3 of the 5 patients had positive sputum cultures 
at the time of surgery and mild endobronchitis Avas present in 1 case, as ob- 
serA’’ed on bronehoseopie examination. It is felt that the increased drug re¬ 
sistance of these organisms and even more importantly, the basic disease 
proeess, i.e., the high incidence of endobronchial disease and the poorly 
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demaicatcd eavitaiy and solid foci, aie impoitant faetois in explaining the 
high late of postopeiatn 0 eomphc.itioiis obsened lu out senes Theiefoie, 
gioater attention should be.pud to achieiing negatne sputum enltnie htatns 
and bionclioseopio evidence of .ibsciicc of cndobioiichial involvement piioi 
to midcitaking siugical theiapy Snigital icscction should then bo employed 
111 such a imnnci as to tiicunisciibe iiioie widely tlic disease piocess tliaii in 
the ticatment ot tjpieal aeid-fast intections In most eases this nould indi¬ 
cate lobectomy as the niinimal type ot icscction to be eniplojcd 

Slotochomotjemc Acid-Fait Infections —The skotochiomogeme stiains im 
doubteciiy lepiesent a much less Jioinogciieous gioup of acid fast oiganisms 
than do the photoeluomogenio injcobacteiia In gcueial, the skotocluomo 
gemc stiains fiequcntly icsemble many of the well oliaiaetciizcd sapiophjtie 
species of niycohaetciia and on occasion they demoiistiate attiibutes of No 
caidia and othci fungi Those oiganisms ha\e been lefoiied to by othei 
wiitcis as "chioiiiogenic” acid fast bacilli 01 tbe “oiange” bacilli® 

The inajoiity of isolations of these oigaiusws have come fioin patients 
demonstiatuig cluoiue pulnionaiy disease who have been positive foi tyjiical 
tubeiele bacilli at some time prioi to the isolation of the atypical, pigmented 
eultuics These patients nevei shovicd fuithci piogrcssion of then pulnionaiy 
disease duiing the penod when the skotochiomogeme oiganisms were isolated 
On the othei hand we have consistently failed to isolate skotoeluomogemc 
acid fast bacilli from patients with no detectable pulmonai}' disease The 
absence of sigmflcant lesistance to any single antitubeiculous diug on the 
pait of skotochiomogeme eultuics makes it difficult to believe they can bo 
aeeounted for on the basis of ding icsistaiit mutnits 01 vanants Howevci 
this possibility cannot be eliminated entnely 

These oiganisms appeal to have definite significance m teims of the bio 
logic histoiy of tubeiculosis in the individuaK fioin whom they aie isolated 
In general, we feel that the piesencc of such atypical cultures is a good 
piognostie omen Ilowcvei, inasmuch as the majoiity ot these patients weio 
cultuie positive loi typical oiganisms m then immediate past, we feel that 
full and adequate chemotheiapj should he continued until the traditional 
catena foi cessation of tieatmeiit aie tulfillcd plus complete absence of the 
bacilli on lepeated eultuie Recovtiy of skotoeluomogemc stiams was laiolj 
followed at a iitei time by the isolation of typical enltuies Iiom the same 
patient 

Oui limited suigieal espemnee m the gioup of patients yielding the 
skotocluomogeiiK. tjpe ot oigamsm would hc.ii out the itduted pathogeraeitj 
of these oiganisms The iiieidenec of majoi complications following surgciy 
in this gioup was found to conipan. favoiably with oui evponeuee ui the 
management of typical atid fast infcetions Consequently, it is not felt that 
these atypical skotochiomogeme aeid fast oiganisms picswit any unusual 
pioblems m siiigital management 
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SUMMARY AND CONCLUSION 

1. Thii'ty-five per cent of patients with positive sputum cultures in the 
district seiwed by our hospital yield atypical acid-fast bacilli. 

2. A brief description of the four types of atypical acid-fast bacilli found 
on culture is presented. 

3. Of the atypical cultures, 18.4 per cent are of the photoehromogenic 
groxip and 67.8 per cent are skotochromogenic. 

4. Surgical experiences in the two major groups of atypical infections 
are presented and compared with the surgical results in typical infections 
during the same period of time. 

5. The postoperative complication rate in the limited resection cases (sub- 
segmental and segmental resections) of photoehromogenic infection was found 
to be strikingly greater than in the skotochromogenic or typical acid-fast 
infections. 

6. HistoiDathologie comparison of the lesions due to photoehromogenic 
infections with typical tuberculous disease reveals differences in composition 
of the tuberculous foci, extent of endobronchial disease, and amount and char¬ 
acter of ingested and free fat. 

7. It is believed that the high rate of postoperative complications ob- 
seiwed in our series of photoehromogenic infections can be largely explained 
on the basis of these pathologic processes and the increased drug resistance 
of these organisms. 

8. On the basis of these obseiwations, it is oi;r opinion that photoehro- 
mogenie acid-fast infections should be regarded with a much more conserva¬ 
tive and cautious attitude regarding surgical resection therapy, and that the 
application of resections of less than lobar extent are hazardous. 

We wish to acknowledge the technical assistance of Miss Rosemary Colton. 
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trouble with tliis, we at Chicago Municipal Tuberculosis Sanitarium reviewed some of 
our figures and, in just the year of 1957, found that of roughly 200 patients with pul¬ 
monary resection, other than pneumonectomies, about 25, or one eighth, had somewhere or 
another in their course photoehromogenio organisms cultured. Of that 25, the incidence of 
complications of various types ran about 40 per cent, similar to Dr. Harrison’s, whereas 
in the complications of cases with ordinary or typical acid-fast bacilli it ran about 6 or 
7 per cent. So there is a very definite factor here. 

We have learned to respect this organism and tend, as again Dr. Harrison pointed 
out, to hit these patients preoperatively if we know that they have these atypical organisms 
with at least one, preferably two, different antituberculosis drugs, other than those with 
which they liave been managed in their earlier course. During the operation we tend 
to perform a lobectomy rather than some lesser portion of the lobe, hoping that our 
incidence of complications will be lower. 

We feel that Dr. Harrison’s figures certainly compare with ours, and we can’t 
emphasize enough the respect one must give to tliis atypical bacillus. 

If there is any other suspicion of possible impending complication, in addition to 
the presence of these photochromagens, we tend to do some type of primary collapse pro¬ 
cedure rather than resection, hoping we will achieve control of tlie disease, rather than 
take the risk of a high incidence of complication. 

DR. FRANCIS J. PHILLIPS, Anchorage, Alaska.—^I have appreciated hearing this 
discussion a great deal because it explains a great deal of the problems I have encountered 
in Alaska in our work there before the sanatorium closed, and my experiences there, on a 
fewer number of cases, exactly parallel the discussers’ experiences here: patients having 
subsegmental resections did poorly and, in most of these instances, we found this a typical 
photochromogenic type of growth. We were not able to explain it at that time. 

So that it seems to me that in this period of time, when we are sort of forgetting 
that tuberculosis is a serious problem, w’e perhaps have to tighten our girdle a little bit 
and study the cases a little more thoroughly, doing a little more exaeting concentration 
on the type of treatment that we give. It almost, as has been said, carries us to the 
type of thinking that w'e had to employ before we had the miracle drugs. 

DR. ADAMS (Closing).—In view of our experience with this problem, as Dr. Harrison 
has told you, and in view' of the advent of antimicrobial therapy reducing our surgical 
problem in tuberculosis, there has been a tendency to do less and less resection in order 
to preserve as much lung tissue as possible. This brings out the importance of knowing, in 
this group of cases, just what one is dealing with before surgery. 

We see here on a slide the gross characteristics of colonies of both the typical 
organism in the left upper corner and the skotochromogenic (those that become bright 
orange in the dark) and the photochromogenic (which become yellowish orange when 
exposed to light) types. 

If these eulture plates are looked at and look suspicious of the photochromogenic 
type as seen on the left, then microscopic examination wiU bring out definite evidence of 
this t 3 TJe of organism. 

Therefore, in view of the fact that we are inclined to try to get by with segmental 
resection or less than segmental, it is well to know the type of organism in advance. 
I believe by so doing we will lessen still further the magnitude, as well as the percentage, 
of our complications in these eases. 

I wish to thank Dr. Fox and Dr. Phillips for their contributory remarks on this 
problem. 



THE SURGICAL TREATMENT OF TUBERCULOSIS IN CHILDREN 


Wdtei W Vtschet, Al D ,* and Petei A del Ahssm, /II D 
(by invitation), New Yoik, N Y 

P siOB to the use of specific Biitibiotics, suigeiy had veiy limited application 
in the ticatmeiit of pulmonai} tubcieulosis in children The piogiiosis of 
piimaiy tubcieulosis was so giave that few sitivived foi the coiisideiation of 
suigeiy Most patients with piogiessive piimary disease died within a yeai 
Those who siiiviied iiere subject to leinfection and spicad of the disease 
E\tiapleural pioeeduies commonly peifoimed at that time weie not applica¬ 
ble in the tieatiueiit of cliildien Thoiaeoplasty lemained the most commonly 
perfoimed opeiativo piocediut in the tieatmcnt of adults until stieptomyein 
became aiailable The use of thoiaeoplasty in childien was most often ill 
advised since it icsiilted in seiious defoimity of the gi owing chest wall and 
eonsequent impaiuiieut of pulmonaiy function The advent of antibiotic 
theiapy has ladieallj alteitd the piognosis of both complicated pnmaiy and 
leinfeotton tubeiculosis in childien and has jieimitted the occasional con 
sideiation of snigienl ticatmeiit Bxcisional snigeiy has, in oui hands, re 
placed all less definitive opeiative pioeeduies Thoracoplasty, evtiapleural 
and o\tiapcuosteal pioeeduies, ns well as plnemcotomy, piieumothoia\, and 
pneumopei itoiieuiii, have been completely abandoned 

This levieii is based upon a gioup of patients ticated since 1952 These 
were patients on the Pediatnc Tubcieulosis Waid of Bellevue Hospital Center, 
in addition to the pm ate patients of one of the authois (AV W P) Bellevue 
Hospital selves large segments of the Hew Toik metiopohtaii population in 
which the iiieidence of tubeiculosis lemaiiis high 

The patients have been elassificd in two categoiies (a) those with adult 
01 reinfection tubeiculosis, and (b) those with complicated piiniaty tubereu 
losis 

This classification is used despite the icalization that the distinction be¬ 
tween piimaiy and secondaiy tubeiculosis is not always cleaily defined Pri- 
niaiy tubeiculosis can oecui in adults just as reinfection tubeiculosis occurs 
m childien Neveitheless, the entiie disease pattern of piim.iry tubeiculosis 
with Its ehaiaeteiistie cluneal, ladiologie, and pathologic findings is usually 
quite unique The use of this classification is, theiefore, considcied valid 

Keail at the Thirtj ninth Annual Meetlnir oC The Americin Association for Thoracic 
Surgery at Los Angeles Calif April 21 23 1959 

• Wdress 170 East 7S Street, New Tork 21 N Y 
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Primary tuberculosis heals without incident in the great majority of 
cases, especially if diagnosed and treated with chemotherapy, when indicated. 
This discussion concerns the relatively small number of patients who develop 
complicated primary disease. Complicated primary tuberculosis is subdivided 
into: (a) progressive primary, and (b) post-primary. 

The term progressive primary, as used, defines local progression of the 
primary parenchymal lesion with or Avithout visible cavitation. Post-primary 
disease is concerned Avith the late sequelae of complicated primary tubercu¬ 
losis. Irreversible pathologic changes, resulting from the lymph node com¬ 
ponent of the primary complex, are here the outstanding features. Tuber¬ 
culous infection per se is often completely controlled and secondary infection 
may then become the principal problem. 

Forty surgical cases are rcAdcAved. During the period under considera¬ 
tion, 570 children treated for pulmonary tuberculosis Avere discharged from 
the Pediatric Tuberculosis Department of Bellevue Hospital, 300 Avere male 
and 270 female. Of these, about 6 per cent had excisional surgery, an ap¬ 
proximate ratio of 1 in 17. The age of the patients at the time of surgery 
Amried from 2 to 13 years, the age limit of the Pediatne Service. INIore spe¬ 
cifically, 8 patients Avere from 2 to 5, 18 from 6 to 10, aird 14 from 10 to 13 
years of age—16 Avere male and 24 Avere female—19 Avere Puerto Eican, 11 
Avere Avhite, and 10 Avore Negroes. 

Pi’eoperath'^e treatment has Amried considerably in the past. Since 1956, 
a combination of isonicotinie acid hydrazide (INH) and para-aminosalicylic 
acid (PAS) is used preoperatively, preferably for a period of about 6 months. 
Streptomycin is usually added at the time of surgery. The postoperative 
treatment is determined by the proved nature of the disease in the resected 
specimen as Avell as the status of the remaining lung observed at operation. 
Potential surgical cases are discussed hi combined pediatric medical-surgical 
conferences during the course of treatment. Recommended surgical treat¬ 
ment is alAvays a combined decision. 

Bronchoscopy is of great value in both diagnosis and treatment of tuber¬ 
culosis in children. This is particularly true in the primary disease group in 
Avhich there is a high incidence of tuberculous endobronehitis. Bronchoscopies 
are performed under general anesthesia to avoid possible trauma, except in 
infants Avhen anesthesia is not necessary. 

Bronehographic examination is performed Avith increasing regularity. 
This applies especially to the patients in Avhom the diagnosis of bronchiectasis 
seems-probable and those Avitli radiologic densities suggestive of persistent 
atelectasis. Ether anesthesia Aidth endotracheal intubation has superseded 
the use of rectal anesthetics. Endotracheal intubation affords complete con¬ 
trol of the aii’Avay as Avell as a convenient ‘means of introducing contrast 
material. The latter is thoroughly aspirated after completion of the x-ray 
examination. 

Pulmonary function studies have more recently assumed increasing im¬ 
portance in the preoperatiAm evaluation of patients, particularly those in the 
post-primary group. 
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Case 1. J. V., a 9-year-old Puerto Rican bo}-, was admitted with a history of chest 
pain, fever, and productive cough of 4 months’ duration. Admission roentgenograms 
demonstrated infiltration in the lingula. Mantoux was positive (2x). Gastric contents 
were positive for tubercle bacilli on admission. Specific chemotherapy was instituted 
with good clinical response. X-raj' studies 11 months later suggested some improve¬ 
ment, but tomograms (Fig. 1) revealed persistent cavitation. Lingular segmentectomy 
was done on Nov. 8, 1952, after 8 months of treatment. The immediate postoperative 
course was uncomplicated. Caseous, cavitary disease, positive for acid-fast bacilli on 
direct smear, was present in the surgical specimen. One month after operation, an in¬ 
filtrate was noticed in the left upper lobe. The previouslj* instituted chemotherapy was 
supplemented with Aldinamide and was continued for a total of 19 months of treatment 
with complete clearing. 

Comment: X-ray finding of persistent cavitation after 8 months of chemo¬ 
therapy was the indication for surgery. Tlie lingular location of the lesion 
was an added indication. 



Fig. 1 


Case 2.—F. M., a 3-year-old white girl, wms admitted with a diagnosis of tonsillitis, 
pharyngitis, and otitis media. Routine x-ray studies of the chest revealed an area of 
calcification in the left apex. The patient responded to penicillin and was discharged. 
One month later, she was readmitted w'ith a diagnosis of bronchitis which was treated 
with broad spectrum antibiotics. Tomograms (Fig. 2) revealed a large calcified mass. 
The patient was then transferred to the Chest Service. Patch test for tuberculosis was 
positive. Gastric washings were positive on 14 consecutive examinations. Bronchogenic 
spread (Fig. 3), present at the time of admission, cleared after 7 months of specific ther¬ 
apy (Fig. 4). Apical posterior segmental resection was done on Dec. 15, 1955, after 7 
months of chemotherapy.' The postoperative course was uneventful. Pathologic examina¬ 
tion showed a large, dense mass with a caseous center and extensive calcifications at the 
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penplierj'* Direct smear anil culture A>ere posituc for acid-fast bacilli. Postoperative 
gastric content studies iierc consistently negative. A folloiv-up \ ray study, 2 years after 
surgery, is presented* in Fig. 5, 

Comment: Tills is an example of progressive primary disease with x-ray 
evidence of marked calcification. The primary indication for surgery was per¬ 
sistent positive spntiini in the presence of a densely calcified lesion. 



piB : 
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Case 3 —F. S, a 2 je ir old Negro bo\, was admitted because of a large x ray density 
in tho left upper lobe (Fig 0) Both foster parents wero hospitalized for pulmonary 
tuberculosis Patch test was positue on admisaion All gastric and bronchi.il washings 
were negative for acid fast bacilli Chemolhcrapj was started and- continued for a pro¬ 
longed penod since bilobar involvement was considered hkel). Only moderate impro\(j 
inent occurred after 2 years of speci/ie therapy. Apical posterior segmental resection 
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was done on, Oet. 30, 1956. The postoperative course was uneventful. The specimen 
contained large librocaseous lesions with severe bronchiectasis. Fig. 7 presents a follow¬ 
up x-ray examination 15 months after surgery. 

Cojiiment: This is an example of progressive primary disease with a per¬ 
sistent large easeons focus. It was believed that this represented a threat to 
the patient despite 24 months of chemotherapy. 



Fig. (i. Fie- 1- 


Case 4. —P. R., a lO-year-old Pueito Rican boy, was admitted because of fever, chest 
pain, and cough of 2 weeks’ duration. Patch test, direct smear, and gastric washing 
(3x) vere positive. Admission x-iay studies (Fig. S) demonstrated a large cavity m 
the left upper lobe with bilateral bioiiehogenie spread. Chemotherapy was instituted 
with clinical and radiologic impiovement. Bronchoscopy was negative. Tomography, 
after 15 months of treatment, revealed persistent cavitation in both upper and lower 
lobes on the left. Preoperatively (Fig. 9) the left lung appeared markedly contracted. 
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fever. Admission Mantoux, gastric (6x) and bronchial washings were all positive. X-ray- 
studies (Fig. 11) revealed clouding of the entire left lung field. After 5 weeks of specific 
Ciiemotherapy, x-ray examination (Fig. 12) demonstrated a spread to the right. 

Bronchoscopy revealed acute tuberculous endobronchitis of the left main-stem bron¬ 
chus. Granulation tissue and caseous material, suggesting lymph node erosion, was ob¬ 
served. Cycloserine was added in the hope of controlling the endobronchial disease. Six 
months after admission, many high lights weie seen in the previouslj'- opaque left chest. 



Fig. 13. 


On bronchoscopy at this time, the main bronchus remained completely filled with granula¬ 
tion tissue. Serial bronchoscopic examinations during cycloserine therapy revealed gradual 
improvement. Eleven months after admission, x-ray examination (Fig. 13) again showed 
clouding of the entire left lung field with satisfactory clearing on the right. Pneumonec¬ 
tomy was performed with streptomycin coverage on Jan. 20, 1956, after a total of 12 
months of ehemotherapJ^ At operation the lung was found to be airless and contracted, 
and it failed to expand on positive pressure. The postoperative course was uneventful. 
The specimen consisted of a firm, shiunken lung eiowded with saccular bronchiectasis 
and contained numerous small caseous nodules throughout. 
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Comment Tins is an example ot pumary tiibeiciilosis iiitli emiobionchial 
disease and lapid doiclopment of iirmcisible pathologie changes imohing the 
entijo left lung Indication ior suigciy in tins ease was that of “destiojed” 
lung esbsiUiall> post piimaiv in naUue The diseased lung icpiesented a, tin eat 
to the patient fiom the standpoint ot seeondaii uonspocihe as well as possible 
specific infection 




CvsB 6—C, t G>ea.roW Puerto Rican ^irl, wis atlnutteU witli a hnlor) of couj'h, 
maHise nail anorevia of 7 months^ duration \ ra\ studitjj re\Lakd e\ttasi\c nodular 
caleiiieations la the left upper lobe, more clearly ‘ittn on tomogruus (IiR J-i, A uwl B) 
Ga'itnc washings were positive The patient was given spcciiii. theripj Broncboscopj 
showed tuberculous endobronchilis m the left upper lobe orifice which was observed to 
[trogress to bronchostenosis Iho clmieil course was m irked b> repeated bouts of brou 
chopneunioina thought to bo duo to intercurrciit uiftction distal to the obstructed bronchus 
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Preoperative roentgenograms revealed only slight improvement. A left upper lobe lobec¬ 
tomy was done on June 2/, 1957, after 10 months of chemotherapy. The postoperative 
course was uneventful. Extensive cavitation with peripheral calcification, pulmonary 
fibrosis, and bronchiectasis were found in the resected .specimen. A follow-up x-ray study, 
9 months after surgerj', is presented in Fig. 15. 

Comment: This is an example of lai’ge, nodular, calcified foci commonly 
referred to as “tnbercnloma.” Pour of our patients had disease of this type. 
Three proved to have cavities, 1 uncontrolled caseous disease. 

Case 7.— M. C., an St^-month-old Negro infant, was completely well until at the age 
of 5 months she was first hospitalized with pharj-ngotracheitis. Chest x-ray studies dis¬ 
closed hilar lymphadenopathy. Subsequenth-, the child developed night sweats, recurrent 
upper respiratoiy infections, and episodes of wheezing respirations. The infant was read¬ 
mitted to another hospital. Mantoux uas positive. The patient was given specific chemo¬ 
therapy and was transferied to our institution after about -10 days of treatment. On 



Fig. 16. Fig. 17. 


admission, x-ray studies (Fig. 16) disclosed marked bilateral hilar lymphadenopathy with 
evidence of obstructive emphysema in the right lower lung field. Specific antibiotic 
treatment was supplemented with steroid therapy. Five weeks later, x-ray examination 
(Fig. 17) revealed marked resolution of the hilar shadows and disappearance of the ob¬ 
structive emphj'sema. 

Comment: This is an example of acute hilar lymph node tuberculosis ivith 
endobronchial obstruction. It illustrates the improved response that may be 
anticipated with the use of steroids. 

Case 8.—^D. B., a 2-year old Negro girl, had a liistorj' of cough and fever of 3 months’ 
duration. These symptoms had developed after tonsillectomy. Patch test and gastric 
washings were positive. X-ray studies (Fig. IS) revealed a homogeneous density in the 
left mid-lung field which proved on lateral views to be in the superior segment of the left 
lower lobe. Tuberculous endobronchial disease was noted on bronchoscopy. Bronchial 
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Comment: This is an example of segmental post-primary bronchiectasis 
resected 5 years after primary infection. Patient had recurrent infections in 
the involved area considered to be nonspecific. However, the gastric fluid ob¬ 
tained at the time of operation Avas reported positive for acid-fast bacilli. 


Case 9. R. J., a Puerto Eican boy, was first admitted to a sanatorium in Puerto Eico 
because of cervical, axillary, and inguinal adenopathy. Some of the cervical nodes were 
excised and were positive for acid-fast bacilli. At that time, chest .x-ray studies revealed 
left hilar adenopathy vdth opacification of the left upper lobe. Sputum was positive. 
The child was given specific chemotherapy. Two years later, at age 9, the patient came 
to jyew York and was admitted to our institution with chief complaint of cough and 
malaise. X-ray examination (Pig. 21) showed a uniform density in the left upper lobe. 
Bronchoscopy revealed inflammatOiA' reaction in the mucosa of the left upper lobe orifice. 



Fisr 21 


22 . 


Grastric contents 'vvere positive. The patient was given specihc chemotherapy and was 
discharged ll months later. At that time, tomograms (Pig. 22) indicated the presence of 
a contracted, atelectatic left upper lobe. The child was readmitted for bronchograms 
and respiratory function studies. Bronchograms demonstrated left upper lobe bronchiecta¬ 
sis. Pulmonary function studies revealed decreased o.xygen saturation at rest and after 
exercise. A left upper lobe lobectomy was performed on June 13, 1958, after 16 months 
of chemotherapy. The postoperati%’-e course was uneventful. Pathologic findings were 
those of bronchiectasis and fibrosis with scattered calcified nodules. Cultures were nega¬ 
tive for acid-fast bacilli. 

Table III summarizes the preoperative and postoperative respiratoiy function studies. 


T.VBLE III. Eespik-atory Ponctiox Studies 
(J.K. NK. 7278-55) 



Vital capacity (L.) 

Punctional residual capacity (L.) 
Residual volume (L.) 

Total lung capacity (L.) 

EV/TLC (per cent) 

Maximum breathing capacity (L./min.) 
A. B. 0- saturation (per cent) 


DETEKillXBD 


predicted 1 

PREOP. 

1 POSTOP. 

1.75 

1.90 

1.70 

0.66 

0.75 

0.68 

0.30 

0.38 

0.32 

2.10 

2.29 

1.96 

Id.O 

17.0 

16.0 

50.0 

45.0 

54.0 

96+ 

86.0 

99.0 
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cssoutiiilly the sajuo us on lirst aduiission 5 ycui's previously. A roeiitgoiiograuij one week 
after atlmissioii, shows a uniform density obscuring most of the right lung (Fig. 24). 
The patient was struted on chemotherapy and the x-ray density cleared within a month 
(Fig. 25). Apical segmental resection was performed after C weeks of preoperative chemo¬ 
therapy. The postoperative coirrso was rrrrconrplicated. The excised segment was markedly 
atelectatic and pathologic study showed fibrosis, bi onchiectasis atrd nodular, partially calcified 
caseous disease. 

Comment: This is an example of persistent segmental atelectasis. Eesec- 
tion was done because of recurrent hemoptysis after a 5-year period of ob¬ 
servation. 

Case 11.—C. P., a 9-year-old white boy, wms admitted because of bronchopneurrronia. 
The patient had a positive patch test and x-ra\' eviderree of a primary lesiorr at the age 
of -4. Srrbseqirerrtly, ho wuis treated in a nitrnber of hospitals for recurreirt prreurnonitis 
which ahvays cleared slowly. On admission to our institution, x-ray'exarrrinatiorr of the 
chest (Fig. 2(5) revealed a density' iit the left ripper lobe wdth a calcified primary lesion. 
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Sputum was consistently negative. The child was treated W'ith antibiotics and discharged 
improved. After repeated episodes of respiratory tract infection, bronehograms (Fig. 27) 
revealed obstruction of the apical posterror segmental bronchus. The patient wms read¬ 
mitted and given specific chemotherapy. Preoperative x-ray studies showed considerable 
clearing of the parenchymal infiltrate. An apical posterior segmental resection was per¬ 
formed on June 16, 1952. The postoperative course was uneventful. The resected seg¬ 
ment was librotie, atelectatic, and contained confluent areas of caseation necrosis. Direct 
smear and cultures were positive for acid-fast bacillr. 

Comment: This is au example of bronchial obstritction with tributary 
parenchymal atelectasis. Preoperatively, recurrent infection was considered 
to be nontubereulous in nature. It was undoubtedly specific since the resected 
specimen contained active caseous disease 5 years after primary infection. 

Case 12.—G. L., a 12-year-old Puerto Rican girl, wns previously hospitalized for 
primarv pulmonary tuberculosis during childhood in Puerto Rico. Chronic obstructive emphy¬ 
sema developed and sho finally was sent to New York for possible treatment of this condition. 
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Tho patient was first admitted to another New York liospital. Specific ciiemotherapy was 
giren for a period of 5 mouths because of a nodular density in tho right upper lobe. The 
child was tlieu transferred to our Institution with right upper iobe emphysema and a nodular 



Q ASSUM£0 AS NORtML 
g PRE oreSATJVC 
H POST OP^RATIve 


Chart 1 


parenchymal lesion. Roentgenograms taken during evpiratioa showed marked anterior 
iicmiation to tho left. Bronchograms (Fig. 28) dbeio&eil poor filling of the right upper lobe 
and downward displacement of tho middle and lower lobe^. Specific chemotherapy was 
continued and a right upper lobectomy was performed on Sept. 30, 1957, after 7 m ’ i of 
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treatment. The postoperative course was uncomplicated. The resected lobe was markedly 
emphysematous, fibrotic, and bronchiectatie. There was uniform dilatation of all- alveolar 
structures as is seen in congenital lobar emphysema in infancy. Findings of preoperative 
and postoperative functional studies are indicated in Chart 1. 

Comment: This is an example of post-primary chronic obstructive emphy¬ 
sema. Functional studies, indicating the presence of increased residual volume 
and diminished maximal breathing capacity, were the essential indications for 
surgery. Function was markedly improved after lobectomy. 

Case 13.—H. H., a 12-year-old Negro boy, w'as well until 1 year prior to admis.sion 
when he developed a left pleural effusion. He was admitted to another hospital where 
thoracentesis was performed. The fluid was negative for acid-fast bacilli on culture. 
Mantoux was strongly positive. Gastric washings were negative on smear but positive 
for acid-fast bacilli on guinea pig inoculation. Chemotlierapy was instituted. The child 
improved clinicallj’’ but the chest roentgenogram was unchanged and he was transferred 
to our institution. Admission roentgenograms of the chest (Pig. 29) revealed a homo¬ 
geneous density on the left with contraction of the left rib cage and mediastinal displace¬ 
ment to the right. Steroid therapy was added with subsequent improvement. Three 



Pig-. 29. 



ip- 


Pig. 30. 



mouths later, there was still evidence of pleural thickening and restriction of the loft 
rib cage. A roentgenogram, 10 months after admission (Fig. 30), showed continued impiove- 
ment. Serial pulmonary function studies demonstrated constantly improving function as 
shown in Table IV. 


Table IV. Luxg Volumes 
(H.H. NR. 8369-57) 



predicted 

determined 

12/30/57 1 3/10/38 

Vital capacity (L.) 

2.3 

1.3 

1.6 

Fimetional residual capacity (L.) 

0.9 

0.6 

0.8 

Residual volume (L.) 

0.6 

0.3 

0.4 

Total lung capacity (L.) 

2.9 

1.8 

2.0 

RV/TLC (per cent) 

20.0 

17.0 

20.0 

Maximum breathing capacity (L./min.) 

60.0 

30.0 

50.0 


Comment: This is an example of apparent “trapped” lung following a 
primary pleural effusion. The possibility of decortication was entertained at 
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response to ti’eatinent. Nevertheless, it was believed that the approaching 
inenarehe and subsequent years of increased stress would influence the prog¬ 
nosis of a potentially caseous lesion unfavorably. 

DISCU^ION 

In the previous paragraphs the patients have been classified as having 
either reinfection or complicated primary tuberculosis. Chronic or reinfec¬ 
tion tuberculosis tends to occur in older children. The clinical problems are 
similar to those observed in the treatment of adult patients. The indications 
for operation are eouimoifly those first listed in Table 11, Nos. 1 through 4. 
These are generally accepted and need no further comment. 

The same indications apply as well to a smaller number of patients with 
progressive primaiy disease. This is i^rone to occur in the first years of life. 
There is less general agreement in advocating surgery at this time. It is 
known, however, that the prognosis of complicated primary disease is poorest 
in the 0 to 4 age group. Surgery may then be most strongly indicated. 
Twenty per cent of our patients Avere 2 to 5 years of age. 

In our experience, exeisional surgery and thoracic surgery, in general, 
are particularly well tolerated by younger children and infants. Thoracotomy 
results in less trauma to the more pliable chest cage. Ventilation is, there¬ 
fore, not restricted by pain to the same degree as in older patients. There 
is less difficulty in maintaining a clear airway, lung expansion is usually 
prompt and complete. 

The fifth indication deserves special mention. Marked deposition of 
calcium is characteristic of the healing response in infants and young children 
with 2orogressiA’’e primary disease. Conglomerate calcified foci, sometimes re¬ 
ferred to as “tuberculoma,” may be erroneously regarded as controlled le¬ 
sions. Excessive calcification maj'- mask active disease (Cases 2 and 6). 

The remaining indications, Nos. 6 through 10 (Table II), ai’e more spe¬ 
cifically related to the lymph node component of the primary complex and 
consequent post-primary complications. They irresent problems Avhieh are 
unique in the ijediatiac age group. The responsible pathologic factor is 
marked hilar lymphadenopathy—the outstanding characteristic of primary 
disease. 

Endobronchial disease is directly related to hilar lymphadenopathy. 
Hilar lymphadenopathy noted in x-ray studies aird endobronchial disease 
observed at bronchoscopy occur concomitantly. Our understanding of the 
causal relationship has been greatly enhanced by serial bronchoscopic studies. 
In a series reported from our clinic in 1952, the incidence of positive findings 
Avas extremely high. Almost all patients Avith endobronchial disease had a 
diagnosis of primary tuberculosis. Of the 43 patients Avith positive endo¬ 
bronchial findings, 42 presented evidence of obstruction. Thirty-seven had 
segmental or lobar atelectasis ; 5 had obstructive emphysema. About 50 per 
cent of the patients with atelectasis had persistent shadoAVS and in about 10 
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adult ‘ middle lobe” syndrome. Upper lobe involvement, often considered 
benign, has also been a source of late complications in a significant number 
of eases (Cases 10 and 11). Improvement in general health has been ob¬ 
served following resection of asymptomatic post-piimary disease. It may then 
be assumed that the diseased tissue represented a focus of infection without 
obvious clinical manifestations. 

Acute obstructive emphysema is observed quite frequently in the acute 
phase of primary lymphadenopathy. Chronic obstructive emphysema is an 
infrequent post-primary complication (Case 12). Respiratory function studies 
provide again the definite surgical indication. 

Primary pleural effusion resulting in chronic pleuritis and impaired pul¬ 
monary function is frequently cited as an indication for thoracotomy and 
decortication. Decortication has often been done in conjunction with pulmo¬ 
nary resection, but has not been found necessary as a primary procedure in 
our experience (Case 13). 

Secondary indications for surgery have been those of sex and age as well 
as the presence of concomitant systemic disease. Diabetes, for example, af¬ 
fects progrrosis adversely and its presetree further justifies surgical inter¬ 
vention. In some instances, factors of age and sex have infiueneed surgical 
opiniorr. Arr iircreased irreidence of relapse has been observed at puberty and 
succeeding years so that resection of questionably stable lesions is advisable 
before the expected period of added stress. 

The late results have beerr gratifying. In addition to the hospital mor¬ 
tality previously reported, one patient died of acute non-specific pneumonitis 
3 years after prreurrronectonry for suppurative post-primary bronchiectasis. 
The remaining patients (38) are Ihdng and, to the best of our knowledge, are 
free of active disease. 


SUMMARY 

The prognosis of pulmonary tuberculosis in children has been altered 
favorably by the use of specific chemotherapy and has permitted the con¬ 
sideration of surgical treatment. Forty patients between 2 and 13 years of 
age were treated with pulmonary resection. The indications for surgery are 
analyzed and illustrative eases are presented. 

The authors are deeply indebted for the advice and cooperation of Dr. Edith M. Lincoln, 
Adjunct Professor of Pediatrics, New York University College of Medicine and former 
Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospital; Dr. 
Margaret H. D. Smith, Associate Professor of Pediatrics, New York University College of 
Medicine and Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospi¬ 
tal; Dr. John P. Daly, Professor and Chairman, Department of Otolaryngology, New York 
University Post-Graduate Medical Scliool; and Dr. Juan Filler, Assistant Professor of 
Pediatrics, New York University College of Medicine and in charge of the Pediatric Cardio¬ 
pulmonary Laboratory, Bellevue Hospital. 
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adult “middle lobe” syndrome. Upper lobe involvement, often considered 
benign, has also been a source of late complications in a significant number 
of eases (Cases 10 and 11). Improvement in general health has been ob¬ 
served following resection of asymptomatic post-primary disease. It may then 
be assumed that the diseased tissue represented a focus of infection without 
obvious clinical manifestations. 

Acute obstructive emphysema is observed quite frequently in the acute 
phase of primary lymphadenopathy. Chronic obstructive emphysema is an 
infrequent post-primary complication (Case 12). Eespiratory function studies 
provide again the definite surgical indication. 

Primaiy pleural effusion resulting in chronic pleuritis and impaired pul¬ 
monary function is frequently cited as an indication for thoracotomy and 
decortication. Decortication has often been done in conjunction with pulmo- 
nai’y resection, but has not been found necessary as a primaiy procedure in 
our experience (Case 13). 

Secondary indications for surgeiy have been those of- sex and age as well 
as the presence of concomitant systemic disease. Diabetes, for example, af¬ 
fects prognosis adversely and its presence further justifies surgical inter¬ 
vention. In some instances, factors of age and sex have influenced surgical 
opinion. An increased incidence of relapse has been observed at, puberty and 
succeeding years so that resection of questionably stable lesions is advisable 
before the expected period of added stress. 

The late results have been gratifying. In addition to the hospital mor¬ 
tality previously reported, one patient died of acute nonspecific pneumonitis 
3 years after pneumonectomy for suppurative post-primary bronchiectasis. 
The remaining patients (38) are living and, to the best of our knowledge, are 
free of active disease. 

SUWIMARY 

The prognosis of pulmonary tuberculosis in children has been altered 
favorably by the use of specific chemotherapy and has permitted the con¬ 
sideration of surgical treatment. Forty patients between .2 and 13 years of 
age were treated with pulmonary resection. The indications for surgery are 
analyzed and illustrative cases are presented. 

The authors are deeply indebted for the advice and cooperation of Dr. Edith If. Lincoln, 
Adjunct Professor of Pediatrics, New York University College of Medicine and former 
Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospital; Dr. 
Margaret H. D. Smith, Associate Professor of Pediatrics, New York University College of 
Medicine and Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospi¬ 
tal; Dr. John P. Daly, Professor and Chairman, Department of Otolaryngology, New York 
University Post-Graduate Medical School; and Dr. Juan Filler, Assistant Professor of 
Pediatrics, New York University College of Medicine and in charge of the Pediatric Cardio¬ 
pulmonary Laboratory, Bellevue Hospital. 
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of children, one of cardiac asystole just as the hilar dissection, was begun; quo following 
a pneumonectomy in a teenage girl who had a massive spread of disease to the remaining 
lung. 

I should like, then, to show two representative cases. 

This slide will demonstrate the chest films of a 12-year-old Negro girl who was ad¬ 
mitted to our sanitarium with pneumonic disease (slide), as you see in the left upper slide. 
The slide on the right shows the ultimately destroyed left lung. A pneumonectomy was 
performed on this patient in June of 1950. There was a minor spread in the right upper 
lobe which cleared on chemotherapy. She is now married and has a child. 

The next slide demonstrates a patient very similar to the one Dr. Fischer demon¬ 
strated. This is of a youngster 19 months of age who had a left upper lobe pneumonic 
lesion which partly cleared to leave a solid appearing 3 cm. nodular lesion which had an 
eggshell consistency at the time of the apical posterior segmentectomy. This proved to 
be a 2,5 cm. cavitary lesion from which caseous debris shelled out readily. 

I therefore should like to completely confirm what Dr. Fischer said, and I would 
like to summarize our impressions as follows: (1) wo believe children withstand this 
surgery quite well; (2) they are more alert; (3) they are less sensitive to pain post- 
opcratively; (4) they cough better; (5) handle their'secretions better; (6) they take 
anesthesia much better than some of the adult patients wo have had; (7) they are more 
quickly and more vigorously ambulatory after operation; (S) their recovery period is 
much shorter, and (9) the resiliency of the infant’s 'and young child’s lung is such that’ 
we have not encountered any space problems. We therefore completely agree-’with what 
Dr. Fischer has told you. 

DE. FRANCIS H. COLE, Memphis, 'Tenn.—^I would like to report in from further 
south, Memphis, Tennessee, whore we also have had a similar experience to that reported 
by Dr. Fischer. We have had the opportunity as well to operate, with very gratifying 
results, upon one child who was in acute respiratory distress from mediastinal lymphade- 
nopathy. 

In our children wo have had 49 operations in 43 patients. One of the patients is 
dead; the others are all alive and have no evidence of residual disease. 

DR. CONSTANTIN G. CHARONIS, Baltimore, Md.—I too would like to compliment 
Dr. Fischer for his line work. I arise merely to pose one question which can be con¬ 
sidered a free consultation requested by a Resident in Thoracic Surgery. 

Did you encounter severe mediastinal shifting accompanying a persistent dry pleural 
space following pneumonectomy in children or adolescents! 

Two teenagers among our young patients developed this complication following 
pneumonectomy. Repeated regulations of the intrathoracic pressure have been necessary 
since. In 1 of these 2 patients, phreniclasia was done a few months postoperatively with 
rather poor results concerning the mediastinal shifting. We have employed the Wilms- 
Saurbrueh thoracoplasty only in adult patients developing the above complication, with 
satisfactory results. 

Can you please comment on the treatment of the above complication in children 
and adolescents? 

DR. FISCHER (Closing).—I wish to thank the discussers. 

I would reiterate what Dr. Lees said in regard to postoperative complications. In 
general, children tolerate thoraeic surgery exceedingly well and have less postoperative 
difficulty than adults. Thoracotomy results in less trauma to the more pliable chest wall 
of younger patients. They, therefore, experience less cheat wall pain and do not have 
as much difficulty maintaining a clear airway postoperatively. Complications are there¬ 
fore relatively infrequent. 

In regard to Dr. Charonis’ question concerning mediastinal shift, we have not used 
thoracoplasty after either partial or total resection. The pneumonectomy patients do not 
have clinical evidence of impaired pulmonary function. In those who have had post¬ 
operative respiratory studies the observed function may be as high as SO per cent of the 
predicted normal. 



PERSISTENT PLEURAL AIR SPACE FOLLOWING RESECTION 
FOR PULMONARY TUBERCULOSIS 

T. W. Shields, AI.D.* (by invitation), Wm. AI. Lees, M.D.,** R. T. Pox, 
M.D.,*** and G. Salazar, AI.D.**** (by invitation), Chicago, 111. 

A PERSISTENT pleural air space following resection for pulmonary tuberculosis 
has been encountered more frequently in recent years. JIany of these 
space? are completely benign while others become a serious postoperative com¬ 
plication and occasionally may result in death. Since the persistent air space 
is potentially hazardous, various procedures sucli as pi’eoperative or concomitant 
thoracoplasty, “lung reconstitution,”’ “pleural tent,’” “diaphragmatic ad¬ 
vancement,”’ etc., have been advocated to prevent its occurrence. However, 
universal acceptanee of any one of these procedures has not oceuried indicating 
that the problein is as' yet unsolved. 

A review of this complication following pulmonary resection lias been car¬ 
ried out at the Chicago Municipal Tuberculosis Sanitarium in an attempt to 
elucidate some of the factors concerned with its development and eontiol. Also, 
clinical guides were sought for the early differentiation between the benign space 
and the potentially hazardous one. 

METHOD OF STDDV 

The postoperative roentgenograms of all tubei'oulous patients undergomg 
pulmonary resection, except pneumonectomy, from Jan. 1, 1955, through Dee. 
31, 1957, were reviewed. Any air space persisting 2 weeks or longer after the 
operation or requiring additional active therapy other than the chest drainage 
employed routinely following surgei'}'' was included in the study. The clinical 
records of these patients were then reviewed and all pertinent data were tabu¬ 
lated. One- to 3-year surgical follow-up examinations were made. 

The pulmonary resections were classified into four groups: subsegmental 
resection (wedge), segmentectomy, lobectomy, and lobectomy plus additional 
resection of adjacent lung tissue. Each was accomplished through a standard 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at Los Angeles, Calif. Apiil 21-23, 1959. 
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posterolatei’al thoracotomy incision. The Lees wedge clamps were utilized for 
the subsegmental resection and the cut surface of the lung was closed with run¬ 
ning sutures. The segmenteetomies and. lobectomies were accomplished by the 
standard hilar dissection and individual ligation technique. The raw surfaces of 
the lung when present were left open. The bronchial stump was closed with in- 
terimpted fine silk sutures. A pleural flap was used to cover the stump routinely 
when a lobectomj'- was performed and occasionally with segmenteetomy. Drain¬ 
age of the pleural space was routinely carried out with two large intercostal 
catheters attached to watei-seal bottles. Immediate or late suction was employed 
in almost all cases. The chest tubes were removed when the drainage was less 
than 50 e.c. per 24 hours and an air leak was no longer present. Postoperative 
chest roentgenograms were taken at frequent intervals. 
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Pig. 1.—Incidence of persi&tent pleural air spaces following resection for pulmonary tubercu¬ 
losis. 


RESULTS 

Incidence .—During the 3-year period of stud}’’, 584 resections (other than 
pneumonectomies) were performed. Of these, 157 were subsegmental resections, 
177 were segmenteetomies, 195 were lobectomies, and 55 wei’e classified as lobec¬ 
tomies plus additional resection of adjacent lung (wedge, segment, or lobe). 
The review of the postoperative chest roentgenogi-ams in each revealed the oc¬ 
currence of 128 (21.9 per cent) persistent pleural air spaces. 

Fifteen (9.5 per cent) of the spaces followed wedge resection, 57 (32.2 per 
cent) followed segmenteetomy, 42 (21.5 per cent) occurred after lobectomy, and 
14 (25.4 per cent) were seen after resection of a lobe or more (Fig. 1). 

With the exception of those air spaces following lobectomy, the air spaces • 
oecuiTed with approximately equal frequency on the right and left sides. In the 
lobectomy group, 37 persistent air spaces were seen after 134 resections on the 
right and only 5 spaces after 61 resections on the left. 



The 128 ail spaces ooeuiied m 125 individuals The youngest was 15 years 
of age and tlie eldest 58, luth the inajoiity of mdiiiduals being m the thud and 
fourth decades Seventy foui mcic women and 51 weic nica Eightj flee pa 
tients iveie Caucasians, 39 iveie Mtgiocs, and 1 was of Oiiental descent 

CliJMcal Claisificahou of Space—In ie\ic«iug the ictoids it seemed adiisa 
ble to classify each space into one of two groups sMiiptoniatic oi asymptomatic 
The asymptomatic group included each aii space in which the clinical couise of 
the jiatient was unaffected by its picseiicc with icspcet to simptomatologv 
01 clinical wellbeing The symptomatic gioup included the au spaces which 
weic judged to bo the cause of postopeiative simptonis such as pain dyspnea, 
hemoptysis, fcvoi, oi continued an leak, and lequiied opeiative inteiiention of 
\aiying niagiiitiide foi the contiol of the complications 
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Fig 2 — Incklenco of symplonntlc anti asjinptomatic pleural air spaces 


Utilizing these eiiteiia, 86 (67 1 pei cent) of the 128 an spaces yveie detei 
mined to be asymptomatic, and 42 (32 9 per cent) weie classified as sympto 
matio The incidence of the asymptomatic and symptomatic spaces in the fom 
types of lesection is seen m Fig 2 It is to be noted that as the magnitude of 
the resection increased the peiccntage of symptomatic spaces likewise nieieased 

Picopoative Status —patients in both the asymptomatic and syanpto 
matie group weic judged to have leachcd clinical and loentgenographic sta 
bility of then disease process Each had leceived stieptomycin, paia aiiiiuo 
salicylic acid and isomazid foi 4 mouths oi moie piioi to the suigita! mtei 
\entiou The sputum was positne m 4 patients who developed asyraptoniatie 
spaces and in 10 patients yyho developed symptomatic spaces Acute eiidobion 
ehitis pieviously had been picsent in 11 of the asymptomatie gioup and in 8 
of the symptomatic gioup Howcvei, tnbciculous endobionehitis yvas discoveied 
in the cut snifaee of the bionchiis in the lesccted specimen m 3 of the lattei 
gioup Diaphiagmatie paialysis due to pievious phicnic ncive opeiation was 
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present in 2 of the patients and a thoracoplasty was present in 4 patients in 
the sjnnptomatic group; in each of the latter the indication for resection was 
failure of the thoracoplasty to control the patient’s disease. 

At the time of surgeiy, a phrenic crush was utilized 3 times and one con¬ 
comitant thoracoplasty was perfonned. No other methods to reduce the size of 
the pleural space were cariaed out at the time of operation. 

Symptomatology and Complications .—^By definition, demonstrable S3anp- 
tomatology and complications were absent in the 86 instances of asjTnptomatic 
air space. Eighty-three of these became apparent on the chest roentgenograms 
during the first postoperative week and the remaining 3 became evident during 
the second week. 

This is in contrast to the sjTnptomatie spaces. Only 27 of these 42 appeared 
during the first week, 12 were first recognized during the second week, and the 
remaiuing 3 were not demonstrable until the third postopei’ative week. One or 
more sjTnptoms or signs, interpreted as being related to the persi.stent air space, 
wei*e present in each of the 42 patients. These were prolonged temperature 
elevation or septic tj'pe of temperature course in 26; irritative cough productive 
of blood-streaked, franklj’- bloody, or piunilent sputimi in 23; continuous air 
leak in 13 ; a sensation of pressure or tightness in the chest in 11; dyspnea in 2; 
and the early roentgenologic appeai-ance of a fluid level in the air space in 2 
patients. 

The complications that occurred (Table I) were bronchopleural fistula with 
empyema in 15 pstiejjts, bronchopleural fistula ufithout overt empyema in 3, 
and empyema alone in 3. A partial pneumothorax oceuiTed in 9 patients after 
previous complete expansion of the liuig and a tension pneumothorax developed 
in 1 patient. A persistent peripheral air leak (alveolar pleural fistula) was 
present in 8 patients and “ pseudoeavity developed in the remaining patient. 

Table I 


COilPUCATIOXS OF SYMPTOII.^TIC -VIK SPACES 


Bronchopleural fistula 

IS 

Delayed pneumothorax 

9 

Persistent peripheral air leaks 

8 

Empyema 

O 

wj 

Tension pneumothorax 

1 

‘ ‘ Pseudocavity ’ ’ 

1 


Treatment .—In any patient who appeared to demonstrate slow or poor 
re-expansion of the remaining lung on the operative side, a pneumoperitoneum 
was routinely instituted early in the postoperative period. Consecpiently, this 
procedure has not been considered as an additional therapeutic measure in the 
present studj". Despite the eventually proved benignity of the asjTnptomatie 
space, active treatment to obliterate the space was occasionally carried out. 
Needle aspiration was performed in 5 patients and a tube thoracostomy with 
water-seal drainage was likemse carried out in 5. A phrenic crush was done 
in 1 patient. 

The treatment of the symptomatic spaces, on the other hand, involved many 
proeedui-es and often taxed the ingenuity of the surgical staff. In those patients 
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liaviiig a delayed piicmnothorax or a persistent peripheral alveolar leak, aspira¬ 
tion or a closed tube thoracostomy generally was sufficient. However, in the 
patients with a lai-ge caliber leak (bronchial leak), multiple procedures were 
frequently necessary, A total of 71 procedures (Pig. 3), including multiple 
aspiration, closed tube thoracostomy, thoracoplasty (extraperiosteal plomfaage, 
conventional or Scliede), open drainage, seeoudaiy bronchial elosui'e, additional, 
resectional surgery, and silver nitrate cauterization of the bronchial fistula, was 
carried out in 11 patients. In -the remaining patient, a small bronchopleural 
fistula healed without operative intervention. 



5chede I 

Fig 3—Procedures rcfluireil for control of Nyniptomatlc air spaces m 4X patients 


Clinical Besuli ^.—The hospital and post-disehargo course of the patients 
with the asymptomatic air spaces was satisfactory in all. The disappearance 
of the air space took place during the first to the ninth postoperative montli 
(Table II). Generally, a gradual diminutiou of the size of the air space was 
seen in successive roentgenograms until complete disappaaranee occurred (Pig. 
4). Occasionally a concomitant thickening of the apical pleural cap was seen 
during this period (Pig. 5). 

In the 43 individuals with the symptomatic spaces the eventual outcome 
was satisfactory in 38 patients (Pig. 6 and Pig 7), nnsatisfactoiy in 1 (per¬ 
sistent bronchopleural fistula), and death in 3 patients. Each of these patients 
died of the eomplication of a bronchopleural fistula. Two simcumbed in tlie first 
postoperative month as a result of insufficient pulmonary reserve. The third 



526 


SHIELDS, LEES, FOX, SALAZAE 


J. Thoracic and 
Cardiovas. Surg. 


present in 2 of the patients and a thoracoplasty was present in 4 patients in 
the symptomatic group; in each of the latter the indication for resection was 
failure of the thoracoplasty to control the patient’s disease. 

At the time of surgeiy, a phrenic crush was utilized 3 times and one con¬ 
comitant thoracoplasty was perfoiined. No other methods to reduce the size of 
the pleural space were carried out at tlie time of operation. 

Syniptomatology and Complications. —definition, demonstrable symp¬ 
tomatology and complications were absent in the 86 instances of asj^mptomatic 
air space. Eighty-three of these became apparent on the chest roentgenograms 
during the first postoperative week and the remaining 3 became evident during 
the second week. 

This is in contrast to the symptomatic spaces. Only 27 of these 42 appeared 
during the first week, 12 wei’e first recognized dui’ing the second week, and the 
remaining 3 were not demonstrable until the third postoperative week. One or 
more symptoms or signs, interpreted as being related to the persistent air space, 
were present in each of the 42 patients. These were prolonged temperature 
elevation or septic type of temperature course in 26; irritative cough productive 
of blood-streaked, frankly bloody, or pumlent sputum in 23; continuous air 
leak in 13; a sensation of pressure or tightness in the chest in 11; dyspnea in 2 ; 
and the early roentgenologic appearance of a fluid level in the air space in 2 
patients. 

The complications that occurred (Table I) were bronchopleural fistula with 
empsmma in 15 p^tiejjts, bronchopleural fistula without overt empyema in 3, 
and empyema alone in 3. A partial pneumothorax oceun’ed in 9 patients after 
previous complete expansion of the lung and a tension pneumothorax developed 
in 1 patient. A persistent peripheral air leak (alveolar pleural fistula) was 
present in 8 patients and “ pseudocavity ”■* developed in the remaining patient. 


Table I 


COIIPLICATIONS OP SYMPTOMATIC AIK SPACES 

Broncliopleural fistula 

IS 

Delayed pneumothorax 

9 

Persistent peripheral air leaks 

8 

Empyema 

O 

o 

Tension pneumothorax 

1 

‘ ‘ Pseudocavity ’ ’ 

1 


Treatment .—In any patient who appeared to demonstrate slow or poor 
re-expansion of the remaining lung on the operative side, a pneumoperitoneum 
was routinely instituted early in the postoperative period. Consecpiently, this 
procedure has not been considered as an additional therapeutic measure in the 
present study. Despite the eventually proved benignity of the asymptomatic 
space, active treatment to obliterate the space was occasionally carried out. 
Needle aspii’ation was performed in 5 patients and a tube thoracostomy with 
water-seal drainage was likewise carried out in 5. A phrenic crush was done 
in 1 patient. 

The treatment of the symptomatic spaces, on the other hand, involved many 
procedures and often taxed the ingenuity of the sui’gical staff. In those patients 
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having a delayed pneumothorax or a persistent peripheral alveolar leak, aspira¬ 
tion or a closed tube thoracostomy generally was sufficient. However, in the 
patients with a large caliber leak {bronchial leak), multiple procedures were 
frequently necessary. A total of 71 procedures (Pig. 3), including multiple 
aspiration, closed tube thoracostomy, thoracoplasty (c.xtraperiostcal plombagc, 
couvcntional or Schede), open drainage, secondary bronchial closure, additional, 
resectional surgery, astd silver nitrate cauterization of tlie bronchial fistula, Tvas 
carried out in -11 patients. In the remaining patient, a small bronchopleural 
fistula healed without operative iuten'ention. 
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Fiff. 3 —Procydurcs rcfi«5rc«l for control of syniptomaitlc air upacoa Jn 41 patients 

CKuicii! Result.?.—The hospital and post-disehargo course of the patients 
with the asymptomatic air spaces rvas .satisfactory in all. The disappcai’ance 
of the air sjiacc took place during the first to the ninth postoperative month 
(Table II). Generally, a gradual diminution of the size of the air space was 
seen in successive roentgenograms uirtil complete disappaarance occurred (Pig. 
•!)■ Occasionally a concomitant thickening of the apical pleural cap was seen 
during this period (Pig. 5). 

In the 42 individuals with the symptomatic spaces the eventual outcome 
Was satisfactory in 38 patients (Fig. 6 and Pig. 7), unsatisfactoiy in 1 (per¬ 
sistent bronchopleural fistula), and death in 3 patients. Each of these patients 
died of the complication of a bronchopleural fistula. Two succumbed in the first 
postoperative month as a result of insufficient pulmonary reserve. The third 
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patient died 33 months after her original procedure. She had undergone a 
closed tube thoracostomy, thoracoplasty with a wax plombage, an open drainage, 
and a conversion to a conventional thoi’acoplasty in an attempt to close the 
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discrepancy, a comparison of the morphologic pattern of the resected tubercu¬ 
lous tissue of recent years with that of specimens of eax-lier years and that of 
nontuberculous lungs may he helpful. Such a comparison^ shows that there had 
been a definite change in the fibrous and elastic tissue pattern in the tubercu¬ 
lous lung recently. There is a diftuse increase in fibrous tissue in the perivascu¬ 
lar and septal spaces; and in the regions where necrosis has occurred, fibrous 



Fig, 6 .—Symptomatic pleural air space following- right upper lobectomy. 

Preoperative chest roentgenogram. {June 15, 1955.) 

Bj Complete re-expansion with tube still in place. (June 23, 1955.) 

C, Delayed pneumothorax. (June 28, 1955.) 

D, Complete re-expansion following closed tube thoracostomy. Apical cap present. (Sept. 
13, 1955.) 


proliferation has taken place earlier and more extensively than a few years ago. 
Even in portions of the lung apparently iminvolved in the tuberculous process, 
as determined by roentgenographic or palpatoiy examination, one finds vary¬ 
ing degree of similar interstitial fibrous proliferation. These changes have 
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been noted by other's”’ ® and it has been spceiilated that the use of antiniiei’O- 
bial agents has been the responsible factor. Isoniazid especially has been sus¬ 
pected in this regard. Irrespective of its eaiisc, horvever, thi,s fibrosis with the 
resulting interferenee ivith the normal elasticitj' and resilience of the lung tissue 
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This may either be from a true bronchial fistula due to inadequate healing of 
the bronchial stump or leakage from a thin-walled, dilated (bronchieetatic), 
peripheral, bronchial radical mjured during removal of an adjacent segment or 
lobe. Either may be implicated in some of the patients as the cause of the per¬ 
sistent space. The bronchial fistula is an often-discussed hazard in resectional 
surgery and has been reduced to a minimum incidence of 3 to 5 per cent using 
euiTently accepted teelmiques. In the present series it was 3.1 per cent. Though 
these accounted for 14 per cent of the space problems and Avere the cause of 
the major morbidity and the only fatalities in the present series, a detailed 
discussion of this problem is not our purpose at this time. 

The more peripheral bronchial and alveolar leaks are the ones that seem to 
be the factors causing the current increase in space problems. The relatively 
high incidence following segmentectomy (32.2 per cent) Avould indicate that 
intersegmental stripping produces a raw surface with many air leaks. The 
similar high incidence following right upper lobectomy (27.6 per cent) in con¬ 
trast to left upper lobectomy (8.1 per cent) would seem to bear out this con¬ 
clusion, inasmuch as the right upper lobe is so frequently fused to the middle 
lobe and I'equires extensive stripping during I’emoval. Closure of these raw sur¬ 
faces by such techniques as “lung reconstitution,” as advocated by Bell,^ is 
appealing as a potential solution but has not been successful in our hands. 
When persistent air leak from the rarv surface occui’S, achieving prompt re¬ 
expansion of the lung and obliteration of the pleural _ space is mandatory. 
Whether this is accomplished by vigorous suction alone or by concomitant 
reduction of the size of the pleural space must be left to the preference of the 
siu’geon. Although the use of pleural tents, concomitant thoracoplasty, and 
other methods may be of some benefit Ave have used them infrequently. It 
appears from the above observations that the persistent air space Avill continue 
to be encountered and thus a rational plan of treatment must be evolved. 

In the management of the postoperatiA^e air space, it Avould be of considera¬ 
ble help to the surgeon to be able to predict Avith relative certainty Avhich space 
will disappear Avithout active treatment and AA^hich Avill need some form of 
operative intervention. Early recognition and vigorous management of the lat¬ 
ter might greatly shorten the convalescence, prevent major morbidity or even 
death, and possibly minimize any additional ventilatoiy function loss. Any 
air space occurring in a patient Avith a positive sputum or Avhich reveals histo¬ 
logic tuberculous endobronchitis of the cut end of the resected bronchus is 
potentially dangerous. Also, the greater the extent of resection the more sus¬ 
piciously must a persistent space be vicAved. Prolonged fever, persistent bub¬ 
bling from the drainage tubes, continued bloody or purulent expectoration, and 
especially roentgenographic appearance of the space later than the first Aveek, 
or an air fluid level in the space connote trouble impending or already present. 
Any of these indicate the need for prompt institution of appropriate therapy. 
Lacking any of the above, a course of Avatchful Avaiting can be pursued AAuth 
relatrie confidence of a successful disappearance of the space Avithout complica¬ 
tion. 
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Wlien active treatment is indicated, altliough individualization must be 
applied, a routine senes of pioceduies is followed in most cases In the Hist 2 
01 3 days postopciatnely, if lo expansion is not satisfaetoiy, a pneumopen 
tonevmi is instituted oi. if one was pieseut pieopciatneh, lefills aie begun and 
continued until le cspaiision is complete It the au space peisists and beeoincs 
symptomatic or appears aftei the icmoval of the drainage tubes, needle aspiia- 
tioii of the space is performed and piessme ineasuieiiieiits aie made If a 
negative piessuie cannot he maintained until aspiiation, then a closed tube 
tlioiaeostomy is peiformed and continuous suction is applied 

If the air leak still peisists and le expansion docs not ocevii, the inteicostal 
tube IS usually removed and the space is then collapsed by means of a thoiaeo 
plasty If no empyema is suspected and the paiietal pleuia and evtiapeiiosteal 
tissue layer are mtaet, a paraffin plomb is nisei ted at the time of thoiaeo 
plasty® Howeiei, uhen mfcetion is suspected {oi picseiit), a comentioiial 
thoiacoplasty of the Aloxandei type is utilized, peifonned usually in a single 
stage Tlie lattei is done also if the fascial and pleiual partition is not intact 
Only larely has a thoracoplasty' been done with a diainage tube m place A 
secondary thoiacotomy for closure of the leak or foi a completion resection has 
been done mficquently in oui group of patients 

Prophylaxis is, of oouise, the best management, and m ic\ lowing the pi oh 
lem one is able to make only a few basic conelnsioiis Care m handling tlie 
bionohial stump, ivith adequate coieiing of the sutiiied stump mth pleuial or 
adjacent tissue wlicnevei possible, is uniierealiy lecognized as important Caic 
ful dissection m the inteiscgmental or interlobar plane with elosuie of any 
major leaks at the time of stiipping is raandatoiy Pieoperative or conoonutant 
1 eduction of the size of the pleural space, altliough attractive, is not always 
feasible and piediotion as to which patient is going to haie a space problem is 
laicly possible Peihaps the use of preoperatiie bionchograpliy m the patient 
with tuberculosis might aid in avoiding the inadvcitent retention of, and possi 
hie injury to, an adjacent bronchicctatic segment duiing resection Even moie 
fruitful might be the addition of a dnig (coitieosteroids) to the piesent anti 
mieiobiai therapy to reduce the amonnt of interstitial fibiosis seen in the treated 
tubeieulous lung at the present time 

SUMSIAUy 

1 A leiiew of 584 pulmonary icscctions (exclusue of piieumoncetomv) 
foi tuberculosis leiealed an incidence of 128 (21 9 per cent) persistent pleural 
ail spaces postopeiatiiely 

2 The meidenee was highest following segmentcetomy and lowest follow- 
mg a wedge icsectiou 

3 Of the persistent au spaces 86 (671 per cent) weie asyTiiptomatie and 
42 (32 9 per cent) were symptomatic 

4 The asnnptoniatic space was benign with respect to the patient’s course 
whereas the symptomatic space proved hazardous and accounted for eompiica 
tions of yainng seventv m the 42 patients, with eventual death of 3 
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5. The greater the magnitude of the resectional procedure, the higher was 
the incidence of the symptomatic space. 

6. Active treatment Avas not required in the asymptomatic space but mul¬ 
tiple procedures Avere neeessaiy to control the symptomatic space. 

7. It is suggested that the peripheral air leak is the major olfender in the 
etiology of the postoperative pleural air space and that the fibrosis now seen in 
the treated tuberculous lung may be a factor in its cause. 

8. Early recognition and appropriate treatment of the patient Avith a 
symptomatic space Avill prevent more serious complications. 
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Discussion 

EE JOHN W BELL, Seattle, Wash—vvi^Iv to t-ompbnnnt i>r Shields and his 
group for this very interesting study on the postrcsection space Ceitainly this continues to 
be an important problem ^Vny complication which contributes to a inortalitj of 3 to 
5 per cent is very significant 

I think it should bo emphasized that nearly three quarters of lus ases vnri ti itid 
by conservative measures 

We have been interested in this problem of postresoction spaces for several vears and, 
in general, our concept of the etiology of the apaco is similar to Pr Shields^ in that if 
the residual lung is unable to fill the postresection space, such a problem will re-^ult 

\\c liave found that serial monometry is valuable in following some of the'*? aMnqto 
matic spaces Wo get rather jittery m determining whether a space will resolve or not, 
and by aspirating tfao spaco and determining the pressure at intervals it has helped us to 
deterimno \ litthor or not a thoracoplasty or intubation is indicated 

Most of the spaces wluch resolve spontaneously will maintain a neutral or negative 
pressure, whereas a space that shows positive pressure or reaccumulates fluid is probably 
a dangerous space, and it is usually the latter typo that requires a postresection thoracoplasty 

DB LAWRENCE H STRUG, New Orleans, La.—This problem has also plagued us 
in the deep South We have focused our attention on a jirophylactic tlurapeutic procedure 
in attempting to eliminato the troublesome residual apical air space following lobectomy 
or lesser procedures 

We have used preoperative pneumopentoiicum in a large number of selected cases 
on our combined services at Charity Hospital, and the Veterans Hospital of New Orleans, 
during the past ^ years Wo have been pleased with a marked decrease in the residual 
air space following the institution of this procedure Pneumopentoneum is commenced 
approMmately a week or 3 prior to surgery and continued for at least 6 to 8 weeks post 
opcrativelj, and m the second and third categonCs as illustrated by Pr Shields it has been 
extremely helpful 

It IS obvious that when a major broncliiol leak occurs, the apace vnll become infected 
As a whole wo have been extremely satisfied with this procedure and feel that it is an 
additional procedure which con be utilized to probably elinxmato many problems of the 
residual apical air space 

PR EDWARD F PARKER, CJiaxleston, S C—We viould like to mention one addi 
tional method of treatment which we have used with success and which wo bcKeve is 
clearly indicated in a few cases When there is an obvious disruption of the bronchial 
suture lino manifested by fever, dyspnea—what one might caR an internal open pneumo 
thorns—and a cough with sputum consisting of fluid obviously coming from the pleural 
space, in such an instance wo do not behove ui trocar thoracotomy with closed drainagt., 
but rather witJi open thoracotomy and re repair of tho opi-n bronchus Wo have had the 
misfortune of having to do this several times, but it is certainly tho most effective nielhod 
of treatment we have had so far 

Second, when that is not done as a primary procedure, and trocar thoracotomv 
14 done without closure of the fistula and vvitliout expansion of tho lung, and tin reform 
thoracoplasty becomes indicated, vse behevo that if there is onlj a one stage thoracoplasty 
necessary, the pleura should bo opened at the same time and the bronchus closed surgieollv, 
rather than relying on the thoracoplasty alono to close it If there is more than one stigi. 
for the thoracoplasty ncv,c‘?sary, we open the pleural cavitv at the last stage to effect tho 
closure of the bronchus, which wo tlimk is mrtrcmely important for permanent success 
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DR. JAMES E. DAILEY, Houston, Texas.—^It might be mentioned that in order 
to facilitate the rapid obliteration of large residual pleural spaces and particularly when 
segmental or wedge resections are done, we have found it handy to initiate a pneumo¬ 
peritoneum concomitant with the surgical procedure. In the East Texas Tuberculosis 
Hospital, Tyler, Texas, at the end of the operation and before closing the chest, we insert 
a small catheter directly through the diaphragm and with a large syringe and a three-way 
stopcock inject 1,000 to '2,000 c.c. of air into the abdominal cavity, thus elevating the 
diaphragm. The small incision is then closed by suture. Usually, no additional refills are 
necessary. 

DR. SHIELDS (Closing).—I wish to thank Dr. Bell for his land comments. 
We agree completely that the appearance of fl.uid in these spaces is an ominous sign and 
prompt institution of definitive therapy is indicated. 

We did serial monometry early in our experience but have gotten away from it in 
the asymptomatic patient. Personally, I believe that the fewer needles put in these 
patients the fewer complications tliey are gouig to liave. 

In regard to pneumoperitoneum, we use it almost routinely; we are practically one 
of the few institutions in the country that use it extensively—^preoperatively as well as 
postoperatively. If you recall the chest roentgenograms, it was present on most of the 
slides. Therefore, we don't indicate this as one of our major forms of therapy in tlus 
group of patients. If it is not present it is instituted early (during the first week) in 
any patient in which lung re-expansion appears to be slow and we don’t want to wait for a 
2-week period. We don’t as a rule, however, induce it at the time of operation. 

So far as direct repair of a bronchial stump fistula, wo don’t believe this is a good 
policy as a routine. I think that if the stump should break down early in the post¬ 
operative course, i.e., in the first several days, then re-exploration and primary repair might 
be indicated. However, one should look at the histologic slides to see whether or not 
tuberculosis endobronchitis is present, and, if it is, I tliink primary repair would be a 
verj' dangerous thing to do. 

As to opening into the empyema space at the time of a thoracoplasty, this is very 
unappealing to us. In doing so you open up the subscapular space to infection. 

Most of the overt bronchial pleural fistulas with empyema in our experience have been 
of the mixed variety and we have employed drainage and subsequent thoracoplasty for 
their control. 

In closing, T wish to thank the discussers for their comments. 
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H ebniauon of the stomacli tliioogh the esopliagcal liiatus occuis fieqneiitlj 
111 fact, the meidciicc oi this, diagnosib mals that of uigumal heima The 
s>)^llptoms, ot esophageal hiatus heinia may be alleviated by medical tieatmeiit 
howeiei, as mth other abdominal heiuias, the basic pioblcw is anatomic—the 
piotinsion of abdominal contents thiough a defect in the abdominal wall—and 
defaiiitne theiapy entails siugical tieatment 

In consideiing suigeiy foi such a eoiniiion condition, it is o\tiemely im 
poitaiit to know what iisks aic entailed, the piohable clfeetneucss of the 
siugical tieatment, and which patients with esophageal hiatus heinia should 
be advised to undeigo suigen This paper piesents a study uiideitalcen to 
answer these questions, it is based on oui cxpeiience with 200 eonsecutue pa 
tientswhoweiesuigieallj tieatedfoi this lesion 

VIATEHUI, IND VlliTUOD 

For the puipose of evaluating selection of candidates and the lespeotive 
postsuigical lesults, the charts wcie analyzed of 200 constcutive patients who 
undenvent tiaiisthoiacic lepau of esophageal hiatus hennas in the 0 year peiiod 
fiom 1951 tluougli 1956 A huge additional gioup of patients were opeiatcd 
upon, both befoie and suite the tune ehoseii foi the siiivey, but tins peuod was 
selected because (1) oui suigical tcehnique has undeigone evolutionary iiiij 
piovenient and in letiospcct we .ue idatively unsatisfied with eailiei opeiations, 
and (2) inoie leeeiit cases had insufficient follow up This lepoit is fiom a 
thoiacic suigical service and includes only cases in which the opeiation was 
fiom tins appioach Undoiibtetlly a satisfactory iciiaii can bo done thiough a 
lapaiotomy, hovvevoi, m leeeiit jeais the nuinbci of opeiations done fiom tiie 
abdominal appioaeh at this institution has deci eased steadily, piobably iiidi- 
eatiiig that suigeons have betome lelatively dissatisfied with it 
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TECHNICAL CONSIDERATIONS 

It is our belief that the effective repair of a hiatus hernia involves more 
than mere reduction of the hernia and snugging-up of the hiatus about the 
temdnal esophagus—a type of repair that is fraught with a high incidence of 
recurrent herniation. Many factors such as vomiting and straining in the post¬ 
anesthetic period may elevate intraabdominal pi’essure and force tlie stomach 
back up through even a veiy small hiatus. The placing of sutures from the 
margins of the hiatus into the fidable esophageal musculature does not adequately 
protect against tliis hazard. Allison^ has empliasized that the esophagogastric 
junction mu.st be well fixed with sutures below the e.sophageal hiatus. Ilis 
demonstration of the use of the phx‘enoesophageal ligament for this purpose was 
an important contribution, despite the many physicians who believe that this 
ligament is a rather nebulous structure. 

In the repair that we have been using, the free peritoneal cavity is entered 
by circumferentially incising into it immediately above the esophageal hiatus 
across the peritonized poifion of the thoracic stomach. The upper end of the 
heimial sac, consisting of parietal peritoneum as well as plirenoesophageal liga¬ 
ment, then retracts to foirni a cuff that nicely defines the esophagogasti'ic junction 
and holds sutures firmly (Fig. 1), A ring of figure-of-eight sutures is placed 
deeply into this cuff and some of the underlying musculature (Fig. 2). These 
sutures are brought dowm tlu-ough the hiatus and, through stab wounds made 
mth a ligature carrier, out to the supeiior surface of the diaphragm where they 
are tied to mattress sutui’es placed about the stab wounds to fix the esophago- 
gastiac junction below the hiatus (Fig. 3). This maneuver probably is adequate 
for the average hernia; however, our standard procedui’e includes approximately 
the crura behind the esophagus with nonabsorbable suture material to foi*m a 
snug ring (Fig. 4). 

A rare patient has peptic esophagitis that has re.sulted in scarring and fixed 
esophageal shortening to such an extent that the esophagogastric junction can¬ 
not be reduced below the esophageal hiatus. This patient usually has severe 
.symptoms. The controversy about the appropriate treatment of such patients 
indicates that no treatment is completely satisfactory. Our practice is to raise 
the esophageal hiatus to the esophagogastric junction by incising upward from 
the normal hiatus toward the dome of the diaphragm, and to transplant the 
esophagus fonvard to this new and elevated position (Fig. 5). In this fashion, 
considerable deficit in length can be ovei’come, particularly if the phrenic nerve 
is eru.shed to elevate the diaphragm maximally.^ 

Within the past year Ave have had our fir.st experiences in having this 
technique not suffice to ovei’come the shortening. One patient undenvent trans¬ 
plantation, but died of complications that were directly attributable to the 
excess tension used to accomplish the repair. Another patient was treated solely 
with digital dilatation of the terminal esophagus and a vagotomy. Thus far he 
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has been essentially asyiiiptomatic, and he has rciinired eiily seveval office dilata¬ 
tions; no dictaiy rcstnctions or medication have been ncoessavy. A gaatrie 
drainage operation has not yet proved necessai*y. 



rrT'if.e^ophicu- is a.,ne 111 o rubber topo ot tlio right: the 

thuV 1 S”'"*’’ ‘ “P''‘!Sfoa hi 0,1 S|.„ 111,1 -o, k nt (hr left With the thoracic stomach 

h'lf'tjneal sac I- inof 1 i. <n'imifei.ntially Incising down onto the stom¬ 
ach, a short distance above the diapln lani 



Several of the patients who luidcnvent the transplantation procedure each 
had large, scarified masses about the terminal esophagus, which scarcely 
could bo distinguished grossly from neoplasm. 

The conventional csophagogaistrie resection in this group of patients usually 
has compounded the problem of esophagitis. The more radical interpo.sitiona! 
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TECHNICAL CONSIDERATIONS 

It is 0111 ’ belief that the effective repair of a hiatus hernia involves more 
than mere reduction of the hernia and snugging-up of the hiatus about the 
terminal esophagus—a ty^ie of repair that is fraught with a high incidence of 
recurrent herniation. Many factors such as vomiting and straining in the post- 
anesthetic period may elevate intfaabdominal pressure and force the stomach 
back up through even a very small hiatus. The placing of sutures from the 
margins of the hiatus into the friable esophageal musculature does not adequately 
protect against tliis hazard. ■ Allison^ has emphasized that the esophagogastric 
junction must be well fixed with sutures below the esophageal hiatus. His 
demonstration of the use of the phrenoesophageal ligament for this purpose was 
an important contribution, despite the many physicians who believe that this 
ligament is a rather nebulous structure. 

In the repair that we have been using, the free peritoneal cavity is entered 
by circumferentially incising into it immediately above the esophageal hiatus 
across the peritonized portion of the thoracic stomacli. The upper end of the 
hernial sac, consisting of parietal peritoneum as well as phrenoesophageal liga¬ 
ment, then reti’aets to foim a cuff that nicely defines the esophagogastric junction 
and holds sutures firmly (Fig. 1). A ring of figure-of-eight sutures is placed 
deeply into this cuff and some of the underlying musculature (Fig. 2). These 
sutures are brought doum thi-ough the hiatus and, tlirough stab wounds made 
with a ligature carrier, out to the superior surface of the diaphragm where they 
are tied to mattress sutures placed about the stab wounds to fix the esophago¬ 
gastric junction below the hiatus (Fig. 3). This maneuver probably is adequate 
for the average hernia; however, our standard procedure includes approximately 
the crura behind the esophagus with nonabsorbable suture material to form a 
snug I’ing (Fig. 4). 

A rare patient has peptic esophagitis that has resulted in scarring and fixed 
esophageal shortening to such an extent that the esophagogastric junction can¬ 
not be reduced below the esophageal hiatus. This patient usually has severe 
symptoms. The controversy about the appropriate treatment of such patients 
indicates that no treatment is completely satisfactory. Our px’actice is to raise 
the esophageal hiatus to the esophagogastric junction by incising upward from 
the normal hiatus toward the dome of tlie diaphragm, and to transplant the 
esophagus forward to tliis new and elevated position (Fig. 5). In this fashion, 
considerable deficit in length can be overcome, particularly if the phrenic neiwe 
is crushed to elevate the diaphragm riiaximally.* 

Within the past year we have had our first experiences in having this 
teclinique not suffice to overcome the shortening. One patient undenvent trans¬ 
plantation, but died of complications that were directly attributable to the 
excess tension used to accomplish the repair. Another patient was treated solely 
with digital dilatation of the terminal esophagus and a vagotomy. Thus far he 
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has bcGU essentially asyaiptoiiiatic, and he has I’cquu'pd several office dilata¬ 
tions; no dietary restriutiona or medication have been iiecossaiy. A gastric 
drainage operation has not yet proved neecssary 




Several of the patients who underwent the transplantation procedure each 
had large, scarified masses about the terminal esophagus, which scarcely 
could be distinguished grossly from neoplasm. 

The conventional esophagogastric resection in this group of patients usually 
has compounded the problem of esophagitis. Tlie more radical interpositional 
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operations liave seemed to be rather drastic for a disease that is benign (benign 
histologically, bnt not clinically). We have been gratified to see patients who 
had advanced inflammatory changes become free of peptic symptoms after 



3.—^The ring- of sutures is then brought down through tlie esophageal hiatus and. 
through stab wounds made with a ligature carrier, out to the superior surface of the dia¬ 
phragm. It IS easy to visualize how traction upon this ring of sutures will then flx the 
esophagogastric junction below the esopliageal hiatus. 



Fig. 4.—^The previously placed ring of traction sutures has been tied to mattress sutures 
placed about the stab wounds in the diaphragm. The crura are then approximated behind tiie 
esophageal hiatus to give a snug closure. 


tmdergoing the conservative operation described above. Under these circum¬ 
stances, postoperative dilation of residual strictures has given long-lasting relief 
from dysphagia. The results in 20 cases requiring transplantation, to us, justify 
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continued uso of tins opeiatne appioach Ceitaiiilj it Sjeemt> ieai>onablo to use 
siicii a conseivative opeiation as a tiial befoie icsoitiug to an e\tensue re¬ 
section or an intei-positional piocedme 

METHOD OF FOLLOW UP 

Identical qiiestioniianes wwe sent to tlie 200 patients All of the patients 
wcie lequested to lotmn toi examination it possible Tlic qucstiounaiie was 
uoidcd so as to ciitouiage liank ansucis Foi example, one question asked 
whetlici 01 not the patient consideied his swnptoms 100 pei cent improved, and, 
if not, how much inipio\cincnt theie was, expiessed in pcicontage Anothei 
question asked whethei, if he had to decide again, he would oi would not make 



Flff •)—Grushins' the phrenic ner%c allous considerable ele\atlon of tho left hemitln 
phngin Tills driwlng- deinonstrates Iiou csophafrcil shortening can be o\erconie b> In 
clstng upward from the orlRinaJ hiatus toward the dome of tht. dlaphragni TIil licrnii repair 
IS then performed by the method previously describe I 

the iame choice, oi whetiiei ho Mould ha\e the opeiation soonei, oi Mould tij 
lu eveij wa 3 to avoid opeiation The same questions MOie asked of the patients 
Mho letuined foi ovaminations, to nijiiitaiii a iiinfoiin standaid of evaluation 
A patient Mas eoiisidcicd lost to folloM up if Ins reeoids Meie not complete foi 
at least 6 months aftei hospital dischaigc 

SELECTION OE PVTIEVTS 

The data summaiized in tins papei lefei onlj to patients who uiideiMcnt 
suigicdl collection of hennas, asymptomatic patients were not opoiated upon 
Poi a lai^e niajonU of patients mIio have esophageal hiatus hennas the suigical 
eonection must be consideied elective Usually, patients have distuss of a 
peptic natnie ±oi many yean. Mithoiit expeneneing piogressne seventy, oi 
complications lelated to the henna It has been oiii policy to cMilain to such a 
patient the sonice of Ins symptoms, and that the opeiation should icl.eve them 
Hovvevei vve also pouit out that the patient himself is the only one an 
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operations have seemed to be rather drastic for a disease that is benign (benign 
histologically, but not clinically). We have been gratified to see patients who 
had advanced inflammatoiy changes become free of peptic symptoms after 



_ 3.—The ring of sutures is then brought down tlirough the esophageal hiatus and, 

tl^ougn stab wounds made with a Jigatnre cairiej', out to the superior surface of the dia- 
phragnn. It is easy to visualize how traction upon this ring of sutures will then flx the 
esophagogastric junction below the esophageal hiatus. 



Fig. 4.—The previously placed ring of traction sutures has been tied to mattress sutures 
placed about the stab wounds in the diaphragm. The crura are then approximated behind the 
esophageal hiatus to give a snug closure. 


undergoing the conservative operation described above. Under these circum¬ 
stances, postoperative dilation of residual strictures has given long-lasting relief 
fi’om dysphagia. The results in 20 cases requiifing transplantation, to us, justify 
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continued uso of this opoiatiio approach Ceitainly it seems, leasoiiable to use 
such a eonseivative opeiatioii as a tiial botoie lesoitiiig to an e\tensive le 
section or an inteipositional piocedmc 

IIETHOD OP FOLLOW UP 

Identical qucstionnaiics ueie sent to the 100 patients All of the patients 
MCie ictjiicbtcd to letuin foi examination il possible The qucationu.ano was 
Molded so as to cneouiage hank aiisweis Poi example, one question asked 
whethci 01 not the patient considticd his simptoms 100 pei cent inipioved, and, 
if not, hoM much nnpioiomont theio uas, expiesscd in peicentage Anothoi 
question asked uhetlici, if ho had to decide again ho would 01 would not make 



Fiff a—Crusliing: Hie phrenic ner\c nll0A\s considerable elevation of tin, left heinldU 
plira^ni This Oraning- dcmonatrales how esopInFcal shortening can be oxercome b> in 
ciainK upward from the original hiatus toward the dome of the diaphragm The hernia repair 
Is then performed by the method previously describe I 

the same choice, 01 whethei he wonld have the ojieiation soonoi, oi would tiv 
111 eveiv wav to avoid opciation The same questions weie asked of the patients 
who rctiiincd foi examinations, to maintain a uinforin standaid of evaluation 
A patient was oonsideied lost to follow up it ins locoids weie not complete foi 
at least 6 months aftei hospital discliaige 

SELECTION OV PVTIEXTs 

The data sumniaiized in this papex lefei only to patients who undeiwent 
suigical eoiieetion of hennas, asjTnptomatie patients were not opciated upon 
Foi a laige niajoiity of patients who have esophageal luatus hennas the siiigical 
collection must be coiisideicd elective TJsuallj, patients have distiess ot a 
peptic uatuie foi many jeare without cxpeiicncing piogicssive seventj', 01 
complications i elated to the henna It has been oui polioj to explain to such a 
patient the souice of his sjmptoiiis, and that the opeiation should leheve them 
llowevei, we also point out that the patient himself is the only one who can 
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gauge just liow severe Ms symptoms are, i.e., whether they constitute only a 
nuisance, or whether they are incapacitating. If he believes that he is troubled 
sufficiently to undergo the discomfort and absence from work or other duties 
associated with surgery, he is considered a candidate for surgical treatment. 

The sjTnptoms encountered in this series of patients are presented in Table 
I. A high proportion of the symptoms are of “peptic” origin. They are as¬ 
sociated with the presence of acid gastric juice above the diaphragm. Heartbum 
is the most common sjTuptom. Traditionally the peptic symptoms of hiatus 
hernia are blamed on reflux of gastric contents into the terminal esophagus. Ex¬ 
cept for the patient vith short esophagus there is little objective evidence to sup¬ 
port this concept. We have been impressed, both at surgery and by preoperative 
esophagoseopy, with the innoeuoits appearance of the esophageal mucosa in the 
majority of our patients. We have attempted to e.xplain the mechanism of pain 
(or the absence of pain) in patients with uncomplicated hiatus hernia on the 
basis of gastritis within the thoracic stomach.' Its intensity may vary from mild 
distress to severe pain. The pain differs from that caused by a duodenal ulcer, 
in that it most frequently occurs shoi’tly after eating, and the patient is apt to 
feel most comfortable when the stomach is empty. The pain often occurs at 
night, in the horizontal position, which is favorable to retention of gastric juice 
above the diaphragm. 


TiVBLE I. SyJIPTOMS IN 200 PATIENTS tVlTII ESOPHAGEAL HIATUS HER.VIA 


SYitPTOilS 

1 NUMBER OF PATIENTS 

Heartburn (post cibum; nocturnal) 

145 

Epigastric or substemal distress 

13S 

Dyspliagia 

65 

Kegurgitation 

55 

Belching, flatulence, and bloating 

35 

Bleeding 

35 

Anorexia 

29 

Fullness 

20 

Indigestion 

10 


Spasm is one of the responses of the esophagus to irritation; hence dys¬ 
phagia is a common s^TOptom. However, dysphagia caused by spasm must be 
differentiated from that caused by contracture of scar tissue in the terminal 
esophagus. Usually, careful questioning of the patient as to the constancy of 
the difficulty in swallowing will make tliis differential. Most patients related 
that they sometimes could swaUow nonnally, especially when they were relaxed, 
as on week ends or vacations, when gastric secretion presumably was minimal. 

A lesser group of the symptoms is of mechanical origin. The most common 
of these is a feeling of fullness after meals, which doubtless is related to the 
distention of the thoracic stomach. Occasionally, and usually with large hernias, 
a volvulus at the level of the Matus may cause a time mechanical obstruction, 
and may even jeopardize the supply of blood to the thoracic stomach. 

A small group of patients had complications of esophageal Matus hernia 
which made indications for surgery no longer elective and on occasion even 
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emergent Tlieso complications aie well uiidoistood and include (1) signifi¬ 
cant bleeding, (2) fiank peptic nlceiation, (3) stnetme of the texminal 
esoiilwgus, and (4) mechanical obstiuction bj \ohnIus" 

Bleeding IS A SCI ions complication, in the scucs of 200 patients it was a 
chict indication for suigeiy in 35 (Tabic I) Fieqnciitly theie is a history of 
isolated episodes ot niinoi hcnicitemesis oi inclena, but these 35 patients either 
had time massuc loss of blood fiom the gastiomtcsfiiial tiaet and lequircd tians 
fusions, 01 liad such a seieic tjpical blood loss anemia that piolonged theiapy 
oilhei iMth non oi with tiaiisfusions oi both uas ncecssai v as a piepaiation foi 
suigciy 

Patients who ha\c chionic aiieiiiia often haie no tipical simptoms of hiatus 
henna, but tlioj consult the jihjsician loi weakness oi other nonspecific 
symptoms associated witli aiieniia Uiidoi these encumstances, having demon 
stiated by the pioscneo ot occult blood in the stools a piesumptive gastiointcs 
final OI igin of the bleeding, i epaii of the Iici nia is undci taken only after exam 
Illation of the cntiie gastiointcstmal tiact has disclosed no othei potential souice 
of bleeding Oiilj one jiaticnt with this Ijiio of bleeding has had bleeding since 
suigeiy Althougli it is om policy not to open and to cxploie the stomach 
duung suigeiy unless a lesion is Si’s! palpable, we peifoinied gastiotoniy on 
soieial patients who had cbionie bleeding, and the only notable abnoiiiialits 
was a hjpeicinie gastiic mucosa which suggested that the loss of blood was due 
to a "weeping” gastiitis 

Slassne bleeding, on the otliei hand, almost invaiiably comes from fiank 
peptic iileeiation in the thoiacie stomach The usual site for these ulceis is 
oithei astiide the csophagogastiic junction, oi at the level of the esophageal 
hiatus, as a callous iilcei, Ic&s fiequciitlv they occui at other sites m the thoiacie 
stomach We believe that peptic iilceiation within the thoiacie stomach is lo 
lated to the tiapping of acid gastuc juice thcicin, and that coricction of the 
heinia and lostoiatioii of the iioimal gastiic position and diainage should be 
cuiative It has not been ncecssai-} to opoiate on a patient while ho was 
aetnely bleeding, and tlieiefoie we haic not peifoimed a gastiic icseetion at 
the time of the heinial icpau One jicptie ulcer was excised locally for biopsy 
purposes This appioach to the pioblein has pioied efteotiie in all except one 
patient He had leeiuient bleeding and, inasmuch as the stomach was then in 
a noi-mal position, gastiie leseetion was peifoimed ui conventional manner 

The ago gioups of the patients aic summanzed in Table II Hiatus hernia 
IS cleaily a disease of middle age Picsumably the heuuation is lelated to the 
loss of tone and the sti etching of imisculai and fascial sti-uetiires associated 
with the aging process In this group of patients the incidence among the 
sexes has been about equal 103 women and 97 men 

Although hiatus henna is a common finding lu obese adults, the majoiit} 
of patients in this gioup weie not obese Fiirthennoic, it is our impiession that 
leduetion in weight has not been of gieat sjniptoniatic benefit nor is it alwajs 
easy to attain Fortunately, obesity is only a minor hmdiance to thoiacie 
suigei} 1 
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T^vble II. Age Range of 200 Patients With Esophageal Hlvtus Hernia 


age (years) 

1 NUMBER OF PATIENTS 

20-29 

3 

30-39 

9 

40-49 

53 

50-59 

61 

60-69 

66 

70-79 

7 

80-89 

1 

Total 

200 


It is difficult to inteiTiret the significance of the duration of symptoms as 
listed in Table III. It is obvious that a number of these patients have grown 
accustomed to their difficulties, and only chronic annoyance or gradual pro¬ 
gression after a number of years has brought them to the physician. In others, 
the short histoiy suggests recent onset of the hernia and the patient has promptly 
sought relief of sjTnptoms. 


T.VBLE HI. Due.vtion of SviiPTOiis IN 200 Patients With Esophage.vl Hiatds Her.via 


DURATION 1 

number of patients 

<6 mo. 

43 

6-12 mo. 

25 

1-2 yr. 

30 

2-4 yr. 

27 

>4 yr. 

75 

Total 

200 

PREVIOUS SURGERY AND COLLATERAL. PR0BLE:MS 

The most common previous surgery in 

this group of patients was on the 

biliary tract (Table IV). It is difficult to evaluate the results of this surgery 

Table IV. PpvEvious Surgery or Dilat.ation in 

Series of 200 Patients Treated for 

Esophageal Hlvtus 

Hernia 

PROCEDURE 

1 number of patients 

Biliary surgery 

14 

Dilatation 

7 

Abdominal repair of hiatus hernia 

5 

Thoracic repair of hiatus hemia 

3 

Vagotomy pyloroplasty 

1 

Heineke-Milculicz operation 

1 

Phrenic crush 

1 

Multiple operations 

1 

Total 

33 


as it was performed at other institutions; however, the majortty of those pa¬ 
tients stated that cholecystectomy had not improved them, and their current 
symptoms were essentially unchanged from those noted preoperatively. This 
would suggest that though biliary tract disease and hiatus hemia frequently 
coexist, the surgeon should be careful of removing the gall bladder when there 
has not been typical colic and when the symptoms are the peptic type discussed 
prertously. In this group of patients one might anticipate a high incidence of 
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asjnnptomatio gall bladder disease, if it is caiefully seaiehed for Si\teeii pa¬ 
tients had abiioimal choleej stogiams wlieieas 61 had noiiiial eholecjstogiams, 
109 had no choleojstogiaiiis taken, the other 14 patients had had pieiions 
smgeiy upon the biliai'j tiact 

Eight patients had pieiious suigcij for hiatus lieiiiias, 5 thiough the 
abdominal and 3 thiough the tiansthoiaeio loute At reopeiatioii, save foi 
evidences of adhesions and old sutme iiiateiial in the opeiativo field, it nas 
without exception inipossiblc to distinguish these hennas fioiii “vngm" cases 

Seieu patients had undeigone pieuoiis dilatations It is our belief that if 
a patient with liiatus hoinia needs dilatations, he should ha\e a dehmtne 
suigical lepau The stiictuie or spasm ot the toiminal esophagus is a lesponse 
to the leflux of acid gastiic juice Katioiial theiapy would seem to entail le 
duction of the henna, which will end this lellux, and thus lemovc the basic souieo 
of the djsphagia Unless this is done, a pcipctual piogiain ot dilatation is apt 
to be iiccessaiy 

The patient who icquiied icpaii of a hcinia following a Heiueho hlilculicz 
esophagogastioplasty wauants a eoiimient If this paiticulai opeiation can be 
atoided at the esophagogastiit junction it is oiii opinion that it should not be 
used Not oiih docs it piomote a incchanicallv incompetent esophagogastiic 
sphinctei and lesult.mt esophagitis but also the shoiteiiing caused bj the tians 
leiso closme ot a lertical incision, of itself, tends to pioduee an esophageal 
hiatus henna It has been oui leceiit exiienence that, in those laie patients in 
whom teeluiieal coiisideiations necessitate this tjpe of leconstuiction, if a caietul 
effoit IS made to icduco the ciitiie legioii ot iceoiistiaction, below the esophag 
eal hiatus, the icsultant pinching caused bj passage of the esophagus thiough a 
snug hiatus and the associated angulation will piecludc esophagitis due to ic 
guigitation 

The difleiential diagnosis of gall bladdei disease and esophageal hiatus 
henna alieady has been discussed A similai piobleui anses in diifeieiitiatmg 
between esophageal hiatus hcinia and oiganic hcait disease, paiticulaily angina 
peetoias To take the histoij caiefullj is most impoitant, the key points being 
the 1 elation of distiess to effort, as opposed to the oceuiience of distiess aftei 
eating and at night while at lest Ceitainly both conditions iiiaj pioducc tapes 
of distiess that can be cxtiemelj difficult to distinguish fioiii one aiiothei piiiely 
on the basis of a deseiiption of the symptoiu itself Electiocaidiogi.ims weie 
pcifoimed on moie than half of this sciies of patients and, ot 108 tiaciiigs, 
abiioimal changes weie detected in 22 In 11 of the patients a diagnosis of 
angina pectoiis was strouglj suspected fiom the histoij 

Once again it should be mentioned that this group ot cases includes only 
those patients upon whom suigerj was peifomied, in many otliei patients, 
although the same pioblems aiose, suigcry was not peifomied because of a 
suspected piedommantly cardiac oiigin of the sjuiptoms We belieie that the 
decision iiuohcd in eases of eoncoinitant angina pectoiis and esophageal hiatus 
henna is basically smulai to the decision involved m cases of angina pectoiis 
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coexistent Avith disease of the biliaiy tract: if there are clear indications for 
sxu-gery, it should be performed, with the recognition that the organic heart dis¬ 
ease offers some element of increased risk. "We have the distinct clinical im¬ 
pression that in this group of patients in whom one anticipates difficulty, one 
almost never actually encounters difficulty, presumbably because of the many 
added precautions that are taken. There was no mortality among the 11 pa¬ 
tients. One has been lost to follow-up and the only failure occurred in a patient 
Avho was proved to have sAmiptoms from only angina pectoris by complete failure 
of a technically satisfactoiy operation. 

Karely a patient Avho has a hiatus hernia may have episodes of sudden severe 
deep chest pains that resemble, those in myocardial infarction. The mechanism 
is obscure, but the diagnosis usuall 5 ' becomes apparent when the expected electro¬ 
cardiographic changes do not materialize. 

TYPES OF OPERATION 

The operations performed on these 200 patients are siunmarized in Table V. 
One hiuidred and sixty-three patients undeiwent a conventional repair, the 
technical points of which ha^’e been discussed. The .additional procedures also 
are enumerated; some Avere performed consecutively through separate incisions 
duiing the one period of anesthesia. Two patients who each had an extremely 
large esophageal hiatus and rather attenuated muscle and fascia in the dia- 
phi'agm had the liiatal repairs reinforced with stainless steel mesh; it was com¬ 
pletely satisfactoiy. 


Table V. Sukgic.al TRE.VTirEST ix Series op 200 Patiexts With Esophageal Hiatbs 

Herxia 


PROCEDURE 1 

XUilBEK OP PATIENTS 

Routine (163) 

. 

Reinforcement with wire mesh 

2 

Repair, epigastric hernia 

2 

Inversion, esophageal diverticulum 

1 

Excision, leiomyoma of esophagus 

1 

Excision, gastric diverticulum 

1 

Transcolonic polj'pectomy 

1- 

Cholecvstectomv 

1 

Repair, incisional hernia 

1 

, Splenectomy 

1 

Eoutine and mvotomv (17) 

Left lower lobectomy (for bronchiectasis) 

1 

. Excision, iuxtaesophageal ulcer 

1 

Transplantation (20)* 

Myotomy 

7 

Heineke-Mikulicz operation 

1 


‘Gastric ulcer present in 6 patients. 


In 17 patients Avho had an othenvise conventional repair and in 7 of the 
short-esophagus group who required transplantation, a myotomj'- Avas performed 
in the terminal esophagus. The indications for this procedure basically are 
that: (1) the patient has had considerable difficulty Atdth dysphagia, and (2) 
at the time of operation the musculature of the terminal esophagus seems to be 
hypertrophic. This is a rather common operative finding, as is brought out 
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by tile frequency with which myotomy was performed. We consider it exti’emely 
important to ascertain by histoiy whether or not the patient’s dysphagia is inter¬ 
mittent or constant. Intermittent dysphagia proves that there is no organic nar¬ 
rowing of the terminal csopliagns, and under these circumstances myotomy prob¬ 
ably is supeiHuous. Also, we have often found it advantageous to assess digitally 
the lumen of the distal esophagus by making a small gastrotomy incision im¬ 
mediately adjacent to the ear-dia in the thoracic stomach. This is useful not 
Old}' as a diagnostic maneuver but the finger is a sensitive and effective dilating 
instrument. 

A word of caution should ’be said regarding myotomy in the presence of 
significant esophagitis. A niyotomy may be e.xceedingly difficult to perform, as 
well as ineffectual, if there are inflammatory changes the full thickness of the 
e.sophageal wall. Under tliese eircumstauces the normal submucosal plane usually 
is obliterated and the lumen is casilj- entered une,\peetcdly. Furthermore, the 
muscularis may not gape upon reaching the submucosal plane, as with un¬ 
inflamed tissue. We have found that making the myotomy incision down onto 
a finger (inserted through a gastrotomy) gives maximal control of the situation. 
' In 20 patients, or 10 per cent of the entire series, it proved necessary to 
transplant the esophageal hiatus in order to reduce the heniia. Although one 
can suspect preoperativcly that this may prove necessary, a short esophagus ean- 
not be diagnosed radiographically, and the true length and stretohability of the 
esophagus can be finally assessed only at the time of operation. In general, these 
are the most severely sjauptomatic patients with hiatus hernia, and have the 
greatest number of as.sociated complicating factors; 6 of them had gastric ulcers 
in the thoracic stomach. It frequently is difficult to bo sure whether such ulcers 
are in the esophagus or in the stomach, inasmuch as 'the stomach may be con¬ 
tracted and scarred and resemble the esophagus. Neverthele.ss, to date we have 
been unable to demonstrate other than gastric mucosa caudad to these ulcers, 
and believe that the csopliagogastric junction always is above or at the level 
of the ulceration. 

RESULTS OP SURGERY 

The over-all results in the 180 patients who underwent surgical i-epair and 
were available for follow-up are summarized in Table VI; there were 161 con¬ 
ventional repai’ativo operations, 19 tz'ansplantatioiis. Results are classified as 
excellent, good, fair, failui-e. “Excellent” patients have total loss of gastric 
symptoms. A good result includes a subjeetively pleased patient with only 
minor complaints. A fair result was reported in those individuals who believed 
the operation was worthwhile but who had significant residual problems, either 
gastric or incisional. The failures include all patients who were unimproved, 
beeame worse, or stated that they wished they had not had the operation per¬ 
formed, and the one operative death. Twenty patients have been lost to follow¬ 
up; they have not been seen or heard from more recently than G months after 
surgery. Table VII compares results as evaluated from the answers on the 
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questionnaires, as against personal folloiv-up records for 55 patients who were 
seen more than 6 months after surgery, but who did not respond to the written 
follow-up progi-am. The questionnaire results are more favorable than are the 
personal evaluations in the latter group of patients. This may be due to any of 
several factors, such as a more critical evaluation by the follow-up physicians 
than by the patients themselves, a tendency for the discontented patient to 
return with his problems, or, conversely, the feeling of the satisfied patient that 
tliere is no need to return. 


Table VI. Results in 180 Patients Treated Surgically for Esophageal Hiatus 
Hernia—Followed for From 6 Months to 6% Years 


RESULTS 

NUMBER OF PATIENTS 

1 percentage of 180 

PATIENTS 

1 (%) 

Excellent 

97 

53.9 

Good 

52 

28.9 

Fair 

15 

8.3 

Failure 

16 

8.9 

Totals 

180 

100.0 


T.VBLE VII. Follow-Up in 180* Patients Treated Surgically for Esophageal Hiatus 
Hernia: Comp^vrison of Results Reported on Questionnaires and 
Found on Examination 


source of ' 

1 NUMBER OP patients 

1 PERCENTAGE op patients t (%) 

information I 

1 total 

1 excellent]good I 

FAIR j 

1 FAILURE 1 

EXCELLENT] GOOD ] 

FAIR ] FAILURE 

Questionnaire 

125 

77 33 

7 

8 

61.6 26.4 

5.6 6.4 

Examination 

55 


8 

8 

36.4 34.6 

14.5 14.5 


‘Twenty patients lost to follow-up. 

tQuestionnaire, based on total of 125 patients; examination, based on total of 55 patients. 


In the group of 161 patients who underwent routine repair procedures, there 
were 13 results classified as failures (Table VIlI). This group is discussed 
in more detail subsequently; another 13 patients were considered to have only 
fair results. These “fair” patients in most instances obtained satisfactory re¬ 
sults as to their gastrointestinal sjnnptoms, but were troubled with incisional 
problems. 


Table VIII. Results in 180* Patients op Treatment for Esophageal Hiatus Hernia by 
SURGIC. 1 VL Procedures—^Routine, Myotomy, or Transplantation 



routine, or ROUTINE I 

AND MYOTOMYt 

TRAN SPLANTATION t 

PATIENTS 

EXCELLENT ] GOOD ] F^UR ( 

FAILURE 

1 EXCELLENT | GOOD ] 

FAIR 1 

FAILURE 

Number 

Percentage (%) 

89 46 13 

55.2 28.6 8.1 

13 

8.1 

8 6 

42.1 31.6 

V__— 

2 

10.5 

3 

15.8 


100 


100 




‘Twenty patients lost to follow-up. 
tBased on 161 patients. 
tBased on 19 patients. 


The results in patients with short esophagiis that requires ti’ansplantation 
are gratifying, particularly in view of the fact that this is a highly symptomatic 
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group of patients >vith many complications (Table VIII). Of 19 patients wlio 
wore followed, only 3 considered their operations to have been failures. This 
seems to be a reasonable rate of failure for a conservative operation in a group 
of patients who have eomi)Iicated conditions; moreover, furtlier evaluation of 
these three failures is enlightening. One patient was addicted to Demerol and 
had other major psychiatric problems. Although the operation was definitely in¬ 
dicated, it is not surprising that she has obtained poor subjective results. The 
second patient states tliat he now swallows well and has dysphagia only on rare 
oceasioiiS; however, he maintains that his health is declining and that he is 
dissatisfied with the result. We have not evaluated this patient personally. The 
tliird patient has persistent, r-athcr severe dy.sphagia and vomiting and un¬ 
doubtedly represents a true failure. 

Table IX summarizes the causes for operative failure in the IG patients so 
classified. The major preventable cause of failure is poor selection of operative 
candidates. It is easy in retrospect to decide that a given patient should not 
have been operated upon. Esophageal hiatus hernias are such common findings 
in the course of a thorough evaluation of gastrointestinal symptoms that one 
may easily be misled into operating for what is basically a functional problem. 
It was appreciated that prior to surgery these patients had complicated organic 
and fimctioual problems, and they were accepted for surgery only after they 
failed to respond to more conservative measures, and in several instances after 
psychiatric consultation. 


T.vble IX. Heasons for 10 F.ulures Amono 200 Patients Treateo Sdroioailv for 
Esofjiaoeai, Hiatus Hernia 


REASON FOR FAILURE 

j NUMBER OF 1‘ATIENTS 

Poor candidate for surgery 

Persisstent symptoms (Ueartbum, 

5 

auffina, bleodiac. and dyspbacia) 

5 

J^euralgia^ anxiety tension state 


Recurrent hernia (asymptomatic) 

1 

Ga.strio ulcer 

I 

Patient dissatisfied, Kcaltli declining 
Postoperative death (eighth 

1 

postoperative day) 

1 

Total 

16 


The second group of 5 patients liave persistence of their original symptom 
patterns, but no residual or recurrent hernias radiograpliically deinonstrahlo. 
The patient who has pei-sistent angina pectoris obviously had an incorrect inter¬ 
pretation of his symptom pattern prior to surgeiy. The patient who has per¬ 
sistent bleeding has had a subsequent laparotomy and resection of the colon 
for diverticulosis, but intermittent bleeding episodes of uifijnown source persist. 
Intercostal neuralgia after thoracotomy in 2 patients who had underlying 
anxiety tension states was sufficient to classify them as failures. One patient 
has definite radiograpMc evidence of recim’enee, but is asymptomatic. One 
patient subsequently bled from a gastric ulcer and required gastric resection. 
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In this group of 200 patients there was only one operative death. This 
oeeurx’ed on the eighth postoperative day and pre.sumably was due to an acute 
myocardial infarction. Postmortem findings were equivocal. One patient in 
the transplantation gi-oup has already been mentioned as dissatisfied, and states 
that his health is declining, although he now swallows normally, 

DISCUSSION 

We have presented our technique for transthoracic repair of esophageal 
hiatal hernia and have tabulated the surgical indications and results in 200 
patients. We also have attempted to weigh the importance of various factors 
in selecting patients for surgical con'cction. The results indicate that this 
surgery can be performed with low operative mortality, and a low incidence 
of recurrent hernia. In short, the operation is safe and mechanically effective, 
and should be done on the properly selected patient. 

Patients with esophageal hiatus hernia symptomwise cover a broad 
speetinm. One end of this spectrum contains the asymptomatic patients, and 
is heavily populated. The other end contains the patients with severely .sympto¬ 
matic or the highly complicated hernias which have been discussed. Un¬ 
doubtedly those patients in the scvei’cly .symptomatic group, in the course of 
their disease, have traversed the entire length of the .spectnun. Ilowevei’, it is 
only the e.xceptional patient whose hiatus hernia follows this progi’essive course, 
Tlius, there is little justification in operating upon the asymptomatic patient. 
Furthermore, if symptoms should develop in .such a patient they are almost 
invariably at fir.st mild and it is safe to await the development of significant 
difficulties prior to electing surgery. 

In between these two extremes lies a large group of .symijtomatic but un¬ 
complicated cases. If these patients have increasingly severe .symptoms, they 
should imdergo surgexy to relieve their .symptoms and to avoid future com¬ 
plications. By far the largest group of .symptomatic patients, however, has had 
relatively .stable symptoms over a considerable period of time, and it is in this 
group that the gx’eatest cai’e in .selecting .surgical candidates mu.st be exercised. 
One should be extremely careful of opex-ating on patients who have other than 
the typical peptic type of .symptom pattern. Careful roentgen .study of 
patients' who have functional gastrointestinal disease not infrequently will dis¬ 
close an a.ssoeiated hiatus hex-nia; and, in retxuspect, these patients constitute 
the largest gx’oup of dissatisfied patients. Operation in the “typical” patient 
must be considered elective. We feel it impox-tant to discuss the problein 
frankly mth the patient and let him elect the operation rather than to “pres¬ 
sure” him into surgexy. In the la.st analysis it is only the patient, himself, who 
knows how sev'ex’e his symptoms are. One is thus able to exclude many patients 
who have symptoms that ax’e subjectively only of “nuisance” value. 

It is beyond the scope of this paper to discuss the physiology of symptoms 
in hiatus hernia. Thex-e are a number of factors concerned, important among 
which is the degree of gastric acidity. Others are volume of gastric secretion, 
pain threshold, tissue resistance, and consumption of gastxic secretagogues. 
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It is difficult to distinguish physiologically between symptomatic and 
asymptomatic hiatus hernias. Probably few asymptomatic patients have hyper¬ 
secretion of gastric acid; conversely, it is distinctly unusual for the patient 
whose severely symptomatic hernia is successfully repaired to experience 
further difficulty from gastric hyperacidity (i.e., duodenal ulcer). Neverthe¬ 
less, it probably is fair to state that a I'oughly linear relationship exists between 
gastric acidity and severity of symptoms and incidence of complications. This 
is the rationale for treating hiatus heniia by gastric resection, vagotomy, and/or 
gastric drainage procedures. However, we believe that the results summarized 
here indicate that the degree of acidity may be largely ignored and that an 
“anatomie” operation is usually preferable to a “physiologic” one. 

Mention sliould be made of the fact that the pliysieal size of the esophageal 
hiatus heniia has little or no bearing upon the severity of symptoihatology and, 
benee, upon the selection of patients for surgery. It is only the very large 
iiernia that can develop volvulus and mechanical obstruction but as far as the 
peptic symptoms are concerned, the presence of a hiatus hernia of any size 
creates the proper anatomic conditions for regurgitation of acid gastric juice. 
Several of the excellent results in this series occurred among patients whose 
roentgenograms sliowed no definite evidence of an esophageal hiatus hernia, and 
in whom, at the time of surgery, one could argue as to wlietlier or not there was 
a true hernia or merely a relaxation of the esopliageal hiatus and plireno- 
esophageal ligaments. However, in tlicse patients mild traction on the esophagus 
will definitely pull the osopliagogasti-ie junction above the level of the esophageal 
hiatus. 

We have used a myotomy in the terminal esophagus quite frequently and 
believe this to be a useful adjunct in those patients with dysphagia. It does, 
however, have definite limitations, particularly in the presence of significant 
infiammatoi-y changes in the esophageal wall, and it is not likely to be of much 
benefit in a truly fibrotic stricture, the significant portion of which is apt to 
be mucosal or submucosal in location. 

In those complicated eases with time organic shortening of the esophagus, 
if at all possible, wc have tried to avoid esophagogastric resection. Admittedly, 
the deformed and scarred eardia has lost the ability to function physiologically; 
however, we believe that the results in 20 patients who were treated by- con- 
sciwative transplantation operations with or without myotomy and subsequent 
dilation endorses this approach to the problem. 

SUHMABY AND CONCLUSIONS 

Surgical e.xperience and follow-up of 200 conseeutive operative eases of 
esophageal hiatus hernia are reviewed. The operation as described has given 
highly satisfactory results iii regard to postoperative recurrence and operative 
mortality. Operation is mandatory in a small proportion of patients wlio have 
complications, including bleeding, peptic ulceration, stricture of the terminal 
esopliagus, meclianical obstruction. In the large majority of patients, the 
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operation is elective. These patients will obtain excellent operative results if 
they are carefully selected for surgery. In retrospect, the largest number of 
preventable operative failiu’es has been classified as being due to a poor choice 
of operative candidates, including cliiefly emotionally unstable patients and 
those whose gastrointestinal problems are largely functional. 
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SINGLE DOSAGE X-RAY RADIATION TO THE LUNG AND 
POSTERIOR MEDIASTINUM THROUGH THE OPEN CHEST 

11. Results in Animals Receiving a Dose of 5,000 r 

John J Fowoti, /II D, Flank T Kuizweg, /II D, and 
Fkarotd Dams, /II D, Mtaint, Fla 

C LiFFTON, Hensclike, and Selbj- and othei's have had e\peiieuee ^\ith inter¬ 
stitial iiiipUiitatioii of neoplasms at the tune of thoiaeotoniv Chesiiej and 
Dauglitiy' haie ladiated the lung thiougli the open chest at the time ot c\ 
ploiation foi hiouehogeme carcinoma Because of the linuted expel lence iiitli 
the lattei method, a laboiatoij studj- was undertaken Tlie lesults in animals 
leceiMng doses between 6,000 i and 15,000 i haie been published^ A second 
series of dogs receiving doses of 5,000 i has now been obseivcd 

itSTERULS AKD 1IETHOD3 

The method of study was essentially as previoasly described,* and is sum 
maiized in Pig 1. The dogs were divided into tliieo gioups Gioups I and 
III iceeived the ladiation diicctlj to the expanded light lung but the ladiated 
aiea was much laiger lu Gioup HI. Those animals in Group II leceued the 
ladiation to the posteiioi mediastinum with piotection of the paienelnma of 
the light lung The field in this gioup closely approximated that of Gioiip I 

RESULTS 

The autopsy findings and suivival times on the dogs aie suiiimaiiztd in 
Table I Mmost all of the animals died as a diiect lesiilt of the ladiation ad 
numsteied When theie was necrosis of the tiachea, the piocess often involved 
the lung w itli erosion of one of the pulmonary vessels In these instances, the 
animals sustained a fatal hemoptvsis Usually when the esophagus was per¬ 
forated theie was not a free communication luto the pleuial space but pene 
tration into the posterior mediastinum Pig 2 demonstrates the esophagus in 
a dog that developed a tracheoesophageal fistula Fig 3 shows the tiaehca in 
another dog that died as a result of a tracheoesophageal fistula Dog X-35 bled 
to death as a result of an aortic esophageal fistula and also had an area of 
necrosis in the trachea (Pig 4) 

From the Department of Surgtrj ljni\crsit> of iliami School of Mudlone and Jackson 
Memorial Hospital Miami Fla. 

Recei^eJ for publication March 30 X9 j9 
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1 .—The various x-ray factors are shown diagrammatically. Those dogs in Group 
I received radiation directly to the expanded lung through a portal of. 25.2 sq. cm. The 
surrounding tissue was protected, as shown in the Inserts, by at least 2 mm. of lead. The 
dogs in Group III were similarly treated but the portal was 102.1 sq. cm. In Grcnip II a 
rectangular portal of 26.2 sq. cm. allowed radiation of the posterior mediastinum put pro¬ 
tected the lung. All operations were performed under general anesthesia using sterile tech¬ 
nique. 



X-27 


Fig. 2.-This dog of Group I lived 232 days follo^vnlgJadiaOon.^^ 
good health, without weight loss or chan.^ trach*eoMOph^'eal fistula. There was considerable 

S3e.fn';!S‘‘r„ .. .o«.o 
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Ti8 3—The trachea, frotn another dop from Group I t)jat de\ eloped a tracheoc.sophaffcal 
dstula is shoun Tiic tmciicis of the animals that dc^cioped necrosis of the trachea ^vlthout 
flstuK presented appcaranc(.s similar to this 



Pic 4 _Tills dop from Group II bled to deith as tlit. rtsuU of an aort^ esophapoal Hstul i 

There was also an area of necrosis of the trachea. 
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The animals did not show a constant change in hemoglobin detei’minations 
or in white blood cell counts. The operations were well tolerated and almost 
all animals exiaibited no difficulty imtil 24 to 48 hours before death. 

The survival times of the dogs in the three groups were plotted (Pig. 5). 
Significant statistical difference existed only between Groups I and It 

was therefore postulated that the area radiated in relation tO' the size of the 
animal was a determining factor in survival time. Using the formula developed 
by Meek and Bubner,® the surface areas of the dogs were compared to the 
survival times but no relationship could be demonstrated. 



Fig. 5.—^The number of dogs in each group are plotted against the survival times. Bach 
square represents one dog. Statistically a significant diiference (P 0.01) in survival times 
existed only between Groups I and III. 


DISCUSSION 

Chesney hoped that the administration of single dose x-ray radiation 
through the open chest to the lung of patients with bronchogenic carcinoma 
would materially decrease the morbidity associated with palliative radiation 
given by conventional methods. The morbidity was apparently much reduced 
since, as has been stated, the animals did well until shortly before death. Un¬ 
deniably this method of radiation would be useful if it allowed a larger or 
more effective tumor dose than can be delivered by radiation through the chest 
wall. It was obvious that. 5,000 r was a much larger than cancerocidal dose 
and resulted in almost 100 per cent mortality. It was also obvious tliat 5,000 r 

»The Wilcoxon-White Two-sample Rank Test was used to test the significance of the 
differeiice between the medians of the groups. 
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Table I 


DOO 

1 WEIOIIT (KQ ) [ 

SURVIVAL IN 
PAYS 

AUTOrSV UNDINGS 

Group I 




X27 

2(3 3 

232 

T* E* fistula 

N28 

30 S 

282 

Necrosis of T 

X29 

27 4 

179 

Mediastinal fibrosis 

X30 

14 0 

156 

Pneumonitis 

Pencsophagitis 

X 31 

13 6 

87 

pneumonitis 

T E fistula 

X32 

14 0 

92 

Necrosis E L* 

X54 

13 6 

138 

Necrosis T E 

X55 

159 

140 

Necrosis T E 

X56 

15 9 

262 

Bilateral pneumonitis 
Perforation of E 

X57 

15 3 

257 

Ulcer E 




Fibrosis of L 

Group II 

X34 

68 

114 

T E fistula 

X35 

70 

209 

Necrosis T E 

X 36 

95 

42 

T A* fistula 

Empjema 

X37 

— 

73 

Perforation of B 

X50 

89 

55 

Necrosis T 

Ulcer of E 

X51 

15 9 

107 

Ulcer of T E 

X52 

13 (1 

142 

V E fistula 

T E fistula 

X53 

15 4 

121 

Perforation of E 

X49 

10 4 

411 llMllg 

Empyema 

Group III 

X39 

159 

143 

Perforation of E 

V41 

13 0 

82 

Necrosis of T 

Necrosis of T 

X42 

13 8 

104 

Mcdiastmal fibrosis 

Necrosis of L 

Mediastinal fibrosis 

X 43 

15 9 

19 

Lung necrosis 

Empyema 

X45 

118 

23 

Fibrosis of L 

Wound infection 

X 46 

114 

78 

Tracheitis 

\47 

90 

146 

Pneumonitis 

Bronchopleural fistula 

S48 

29 5 

46 

Necrosis of L 

Esophagitis 

Pneumonitis 

•T =r 

trachea E = esophag-us 

L, lung A 

: aorta 


admimsteied as a single dose could not be compaied to 5,000 i given in small 
increments ovei a peuod of weeks Although the animals died as the result 
of the ladiation, tlie autopsy findings weie eoiisideiably diffeieiit fioin those 
in the senes receiving the higher doses ’ 

The factor or factois that accounted foi tiie significantly longer suivival 
time in the animals in Gioiip I, as compared with Group III wheie the field 
was over four times larger, remained obscuie It uas speculated that the surface 
area radiated in lelation to the sniface area of tlie dog accounted for tins 
Cntieal analysis of the data, however, did not confiim this tlieoiy 
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The animals did not show a constant change in hemoglobin detez’minations 
or in white blood cell counts. The operations were well tolerated and almost 
all animals exhibited no difficulty zmtil 24 to 48 hours before death. 

The survival times of the dogs in the three groups were plotted (Fig. 5). 
Significant statistical difference existed only between Groups I and 111.=' It 
was therefore postulated that the area radiated in relation to the size of the 
animal was a determining factor in survival time. Using the formula developed 
by Meek and Rubner,® the surface areas of the dogs were compared to the 
sui’vival times but no relationship could be demonstrated. 



Fig-. 5.—^Tlie number of dogs in each group are plotted against the survival times. Each 
square represents one dog. Statistically a signihcant difference (P 0.01) in survival times 
existed only between Groups I and III. 


DISCUSSION 

Chesney hoped that the administz’ation of single dose x-ray radiation 
thi’ough the open chest to the lung of patients with bronchogenic carcinoma 
would materially decrease the morbidity associated with palliative radiation 
given by conventional methods. The morbidity was apparently much reduced 
since, as has been stated, the animals did well until shortly before death. Un¬ 
deniably this method of radiation would be useful if it allowed a lai'ger or 
more effective tumor dose than can be delivered by radiation through the chest 
wall. It was obvious that. 5,000 r was a much larger than eancerocidal dose 
and resulted in almost 100 per cent mortality. It was also obvious that 5,000 i 

«The Wilcoxon-White Two-sample Hank Test was used to test the significance of the 
difference between the medians of the groups. 
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WHOHT (KG ) I 


SUKVnALJN 

1>V\S 


X27 

20 3 

\2S 

30 8 

X29 

27 1 

X30 

14 0 

X31 

13 0 

\32 

no 

X54 

13 0 

X o') 

1j9 

X56 

159 

X07 

15 3 

Group II 

X31 

OS 

X35 

70 

X30 

91 

X37 


X50 

SO 

X51 

15 9 

X52 

no 

X53 

154 

X49 

10 4 

Group III 

X39 

Idi) 

X41 

no 

X42 

13 S 

X43 

15 9 

X45 

]] s 

X46 

114 

X47 

00 

X48 

.<5i 


tn Initiif 


• trachea £ — 


_ AUIOPSY tlNDINGS 

T*-E* fistula 
Necrosis of T 
Mcdi istinal fibrosis 
Pneumonitis 
Ptriooiiliagitis 
Pneumonitis 
'I' E fistula 
Necrosis E L* 
Necrosis T E 
Nceiosis T E 
Pil iteral pneumonitis 
I orfuratioii of E 
Ulcer E 
Pibrosis of L 

T E fistula 
Necrosis T E 
T V'* bbtuK 
Enipvcma 
P‘ rf iratjou of E 
Nurosis T 
I I( r of E 
U1 er of PE 
V h lisful I 
1 r fislnh 
i ' rfontion of E 
f inp'CDi I 


J rm n of E 

1 w s f T 

^ Of T 

astinal fibrosis 
NecroaJS of L 
Mediastinal fibrosis 
Lung necrosis 
Emp,i t/na 
Fibroais of L 
Abound in/eefion 

Pacamonitts 

BronchopJeural hstuhi 

XccTO*^^ of L 

Esophagitis 

Poeuraoaitis _ 


adimmsteied as j , go,„pared to 3,000 r gt^en m small 

neremerns ou.a, J "liS. --'t 

Tlie factor,. ,l,c ^.gniGcantly longer surviral 

time in the ' “T ™ 

wasoierfonr(,-1-''^'°“P ■''* f L Jt vos ^peculated that the sariace 
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Additional work must be done to determine the maximum safe dose of 
radiation that can be delivered b}’’ this method. Assuming that this dose is 
eancerocidal, it will have to be determined how much physiologic change occurs 
as a result of the radiation. Thus, considerable decrease in pulmonary func¬ 
tion or late pulmonaiy hypertension might make the procedure useless. 

SUMIIAIIY 

1. Thoracotomies were done on dogs. Group I received 5,000 r through a 
portal of 25.2 sq. cm. directly to the lung. Group III were treated similarly 
but the field was 102.1 sq. cm. Group II received the radiation to the posterior 
mediastinum only, with the lung protected. 

2. Almost all animals died as a direct result of the radiation administered. 
Group I dogs sui'vived significantly longer than Group III. No relationship 
between surface area of the dog and area radiated could be demonstrated. 

3. Additional work must be done to establish the safe maximum dose of 
x-ray that can be tolerated by this method. 

The assistance of Dr. John B. Miale and Miss Iris Kieni is gratefully acknowledged. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 

Notice of Annual Meeting 

The Fortieth Annual Meeting of The American Association for Thoracic 
Surgery will be held Jlay 11, 12, and 13, 1960, in Miami Beach; Florida. Head¬ 
quarters Mil be the Deauville Hotel. 

Requests for Hotel Reservations 

These should be mailed directly to Mrs. Mildred Sander, Reservation Man¬ 
ager, Deauville Hotel, Miami Beach, Florida. Please mention this Association, 
the type of accommodation desii'cd, the date, and approximate hour of arrival 
and departure. If accommodations arc desired elsewhere please communicate 
directly with the hotel of your choice. 

Material for the Program 

Scientific Papeks. —Abstracts of all papei’s proposed for presentation at 
the 1960 meeting must he received on or before November 15, 1959, other¬ 
wise they will not be considered by the Program Committee. These should be 
labeled “For Thoracic Surgery Forum” or “For Regular Program” depending 
upon the nature of the subject matter, in the same manner as in previous years. 
They should contain from 200 to 250 words that accurately reflect the content 
of the completed paper. 

Six, repeat, six clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
Surgery, 308 Carondelet Building, 7730 Carondelet Avenue, St. Louis 5, Mis¬ 
souri. 

Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to the secretary immediately after their presenta¬ 
tion If they are not ready at that time there is a chance that they will not be 
published in The Jouknal of Thokacio and C.iKDiovAscuLiUi Surgery. 
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Applications for Membership 

Applications for Associate jMembership in the Association must be received 
by the Membership Committee not later than November 15, 1959, otherwise the 
application will be defeiTed for consideration until the 1961 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to; 

Frank Gerbode, M.D. 

Chaii'man of the IMembership Committee 
Stanford University Hospital 
San Francisco 15, California 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Chairman of the jMembership Committee should their applicants 
be held over for reconsideration a second year. 
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Original Communications 

METABOLIC ACIDOSIS AND THE DISSOCIATION CURVE OF 
HEMOGLOBIN DURING EXTRACORPOREAL CIRCULATION 
George j. Magoveiii, M.D. (by iiivilatioii), Robeit S. Cmtwrigbt, M.D.* 

(by invitation), John P. Neville, Jr., AI.D.** (by invitation), and 
Edward yll. Kent, M.D,, Pittsburgh, Pa. 

T he physiologic value of hemoglobin as an oxygon cai-rier lies in the fact 
that its affinity for oxygen is so balanced that, in the lungs, hemoglobin be¬ 
comes 95 to 96 per cent oxygenated, while in the tissues and the capillaries it 
can give up as much of the oxj'gen as demanded. The relationship between 
oxygen tension and the degree of satui-ation of hemoglobin has been studied in 
blood and in solutions of hemoglobin by Huffner, Bohr, and others. The effect 
of alkalinitj' was first noted by Bohr, Hasselbaleh, and Krogh' who observed that 
increasing carbon dioxide tension decreased the amount, of oxygen bound by 
hemoglobin. Barcroft-' •“ showed that the degree of oxygenation, although de¬ 
pendent chiefly on the oxygen pleasure, also increased with the alkalinity and 
the electrolyte content of the blood. They subsequently showed that the effect 
ot carbon dioxide was due to its acidity and that the addition of other acids to 
the blood had a similar influence Pig. 1 depicts the S-shaped curve of oxy¬ 
hemoglobin dissociation and .shows the lelationship between oxj'gen teiLsion, 
oxygen saturation, and varying plL It will be noted that, as the blood becomes 
more acid, hemoglobin combines with less oxygen and, as the blood becomes more 

Fiom the Department of Thoracic Stirgery ami the Surgical Research Laboratory Unl- 
\ersitv of Pittsburgh, School of Medicine, and the Presbyterian Hospital and Allegheny Gen¬ 
eral Hospital. Pittsburgh. Pa jr « 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif, ApiU 21-23, 1959 

•Present address Lo\elaco Clinic and Foundation, Albuquerque, N. M. 

••Present adiiiess State University of New York, Upstate Division, Syracuse, N. T. 


562 


MAGOVERN, CARTWRIGHT, NEVILLE, KENT 


}. 'ITioracic and 
Cardjovjs. Surg. 


alkaline, the opposite is noted. Convci'sely, the amount of oxygen which is re¬ 
leased to the tissues is greater at a reduced pit tlian it is at an alkaline pll. 
It is this behavior which enables oxygen to dissociate from the blood as it reaches 
the tissues, taking up in its place carbon dioxide. The changes in oxyhemoglobin 
dissociation effected by changes in the pll is known as the Bohr effect. 

The purpose of this study was to determine to what advantage this physio¬ 
logic reaction may be applied during extracorporeal circulation. It was based 
on clinical observations in our own .series of approximately 100 open-heart 
operations. In 12 instances when the arterial pll was reduced, we believed a 
clinical improvement and a gro.ss color change were brought about, by the addi¬ 
tion of sodium bicarbonate to the blood dui-ing bypa.ss. 



h'ii;. 1.—Kelation.ship between oxyyen ten.slon and oxygen saturation of human blood at vary¬ 
ing pH. Curve.s calculated by KIchard.s and .Strauss (Ref. 11). 


JIETHOI) 

A. Exjjerivientui Procedure. —^Twenty-five dogs were anesthetized with 
Pentothal sodium, 30 mg. xier kilogram of body weight. Utilizing a multiple 
di.sk Kay-Cro.ss oxygenator and 95 per cent oxygen and 5 pier cent carbon 
dioxide, the animals were ijlaced on total cardiopulmonary bypass. This was 
done through a right thoracotomy which was performed under aseptic technifjue. 
Venous drainage was enacted into the o.xygenator by gravity after catheters 
were placed in the superior and inferior vena cava via the right atrial appendage. 
The arterial return was through the right femoral artery. The left femoral 
artery was cannulated ivith a No. J90 polyethylene catheter for continuous 
monitoring of the arterial pre.s.sure. This catheter was threaded into the cential 
aorta and the pressure was determined with an aneroid manometer. A .similar 
catheter was placed into the inferior vena cava through the saphenous vein and 
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tomieottd to a sahue jnanome((.i foi eoutmuoiib moiiitoung o£ the ^cnolls 
picssviie Attoi tapes weia placed aiound the supciioi and mfeiioi tena cd\a, 
the catheteis ■eeio inseitcd and total (.aidiopiilmonaiy bypass was begun The 
animals weie peifused aetoidmg to the amount of \enous letuiu, maintaining 
a \enous piessuie ot 0 to 1 cm of water Tlie animals laiied in weight fioin 
12 to 22 5 Kg and weie peilused at flow lates of 2C to 87 ce pel kilogiain a 
minute Aftei complete In pass was initiated and satisfaeton flow and owgona 
fion weie aoliieicd, hiposia was pioduccd 1)\ ledueing the lesoliitions of the 
disks tioiii 120 to appioMinateh 60 i pm This caused inadequate suiface aiea 
esposuie, lesulting in leduetion of the paitial picssuie of osjgen and undei 
satiiiation of the blood Paiticulai cmph.isis was placed on the avoidance o£ 
changes in the blood le\el in the owgtiiatoi and flow latcs once the expeiimeiit 
lias begun With the doielopiiieiif ot In poMa, moiiitoung of the pH was canlod 
out and, as aeidosis oiciuied due to the anosia, the )iH was noted to fall 

At a leduced pll, which acciaged apiiiOMinateh 7 25, samples of blood at 
the leiious inlet and the aiteual outlet of the owgcnatoi weie taken foi 
measmemeiit of o\\gen and eaiboii dioxide content The pH at the aiteual 
end of the oxjgenatoi was sinuiltancoush leeoided at tins time Collection 
of the leduced pH was then attempted b\ the addition of alkali oi the cieation 
ot icspiiaton alkalosis The alkali iddcd was cithoi sodium bicaibonate, 44 6 
iiiKq poi 50 0 0 of solution oi 1 M soduun-i lactate, 1 nillq jier cubic ceiitinieter 
of solution The pioduetioii of icspiiatoij aSkaiosis was achieved bv ebnnging 
the gas mixtuie fiom 95 pei cent ox'vgcn and 5 pei cent cubon dioxide to 100 
pel cent oxygen, tlieicbv allowing caibon dioxide to escape iiom the blood 

B Analytical Methods —The following dctciinmatioiis weie peifoiined on 
the blood samples (1) plasma pH, (2) total caibon dioxide content, and (3) 
total oxj gen content 

Total oxjgeii capacity was deteimiiied fiom a sample taken fioin the 
oxvgciidtoi at the completion of the expciiiueiit so that complete mixing of the 
patient and doiioi blood was aeliicccd, Ibcicbv giMiig an ovei all heiiiatoeut 
Two of the expeunients weie analjzcd foi sodium, potassium, cliloude The jiH 
determinations were done on whole blood at a constant temperatuie of 36° C 
in a Beckman model G pH metei, aecinacy plus oi minus 0 05 pH umts Total 
caibon dioxide, total oxygen content, and oxygen capacity weio dotcimiiied 
accoidiiig to the method of Van Slyke and Neill' Sodium and potassium 
determmatioiis weie earned out on a Coleman flame photometei Chloiide 
was determined accoidnig to the method of Sendioy and his associates® 

G Calcidations —The pCO.* and base bicaibonate weie calculated flora 
the nieasuied pH and the total plasma caibon dioxide using the Hendeisoii 
Ilasseibalch equation with pK' equal to 610 The plasma carbon dioxide was 
c.ilciilatecl flora the whole blood caibon dioxide content' The pel cent of 
oxvgen satination was calculated b\ dnidiiig the total oxjgeti content bj the 
total oxjgeii capacitj and inultiphnig be 100 The oxygen tension of the blood 
was dcteirauied irom the pll and aiteual satuiation 


•Partial prossurc of carbon dioxicle expressed in ininiinctt.ra of innr»*ur\ 



EXPERIMENTAL OBSERVATIONS ON 
POST-STENOTIC DILATATION 

• 

David L. Bruns, ALD. (by invitation), John E. Connolly, ALD. (by invitation), 
Emile Holman, ALD., and Raymond C. Stofer, D.V.Ai. (by invitation), 

San Francisco, Calif. 

A jMOST puzzling phenomenon encountered in medicine is the dilatation of a 
vessel doAvnstream from a stenosis. Though not universally found, it is suf¬ 
ficiently common to be looked for when aortic or pulmonic stenosis, or coarcta¬ 
tion of the aorta is being considered (Fig. 1). A striking feature is that post¬ 
stenotic dilatation may occur in a region where a relatively low pressure exists. 

In eases associated with congenital defects, an accompanying weakness 
of the adjacent vessel wall might lead to dilatation. However, its failure to 
develop in a high pressure region upstream, in the case of coarctation, is diffi¬ 
cult to explain without assuming that the weakness of the congenital vessel 
wall is peculiarly restricted to the downstream region. Puthermore, it is seen 
with acquired valvular stenosis, which does not strengthen this hypothesis. 
Last, it can be produced easily in the healthy vessel walls of experimental 
animals.^' - 

Our original interest lay not in the cause of post-stenotic dilatation, but 
in the cause of murmurs. This led to a better understanding of the fluid 
mechanics of blood flow, and this knowledge has been applied to' post-stenotic 
dilatation. 

By reviewing the factors involved in the production of murmurs, it was 
found that the classic theory that murmurs are due to turbulence is an un¬ 
reasonable one. A new theory was proposed which attributed murmurs to 
nearly periodic pressrrre fluctrrations in the wake dowrrstream from an obstacle 
or constriction.^ These fluctuations develop in response to the shedding of 
vortices and are of a magnitude large enough to produce audible sound. The 
basic mechanism is that fourrd in the production of Aeolian tones. Because 
of the lack of symmetry and smoothness around or through which blood must 
pass, the pressure fluctuatiorrs are irot strictly periodic. As a result, noise 
rather than a clear tone is produced. However, the same order of acoustical 
efficiency is realized. The discrete pressure fluctuations are of an intensity 
much greater than those one would expect from turbulence.* As such, they are 
better generators of noise. 

Prom the Departments of Medicine and Surgery, Stanford University School of Medicine, 
San Francisco, Calif. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif., April 2i-23, 1959. 
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One o£ the (.‘harueteristies of periodic or nearly periodic waives is that most 
of the energy which this type of iiow produces is concentrated in the region 
immediately downstream i'lom the obstacle or constriction; and, thus, m\e 
would expect murmurs to 1)0 most intense in tills region. This expectation is 
realized botli in experimentally induced stenosis as well as in one’s ability 
to localize murmurs clinically. If this is true for murmurs so also must it 
be true for tin ills, and one would expect the vessel wall vibrations of a thrill 
to bo maximal in intensity a short distance distal to the stenosis. It was then 
postulated that the damage resulting from these local vibrations may so affect 



t’ifj 1.—-PieoDerative chest x-ra> aim of a lO-year-okl girl with congenital valvular yul- 
nionic stenosis and consltlcr.able dilatation of the pulmonary artery segment Right ventriculai 
and pulmonary artery pressures were 141/8 and 14 (mean) mm Hg Fifteen months post- 
operatively tho right ^entrlcula^ pressure had fallen to 40/4 mm. Hg and the mean puImonar> 
artery pressure remained tho sajiie. There was no change in tlie chest x-ray nlm. (Patient 
of Drs R Gross, H Hultgren, P Eldridge, and P. Gerbode ) 

the vessel wall that structural fatigue would ensue. If so, this could lead 
to dilatation even in a region of low prcssni'e. Our experiments were designed 
to test this iiypothesis (Fig. 2). 

IIETIIODS and RKSULTb 

It was desirable to use elastic tubes so as to approximate the structure 
of vessel walls in which post-stenotic dilatation is encountered. Tliese tubes 
should be thin-walled so that any structural fatigue will be manifested in a 
relatively brief period of time. The latex rubber tubing used as Penrose 
drains served admirably. 
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These txibes were filled with water and a static pressure was maintained. 
They were plugged with rubber stoppers at both ends so that no flow could 
take place. Through one of the stoppers a vibrating blade was inserted. This 
was driven by a pipette shaker (Fig. 3). The amplitude of the oscillations 
was maximal at the tip of the blade. The vibrating rate was determined 


FLOW Lift Amplitude 



Fig. 2.—Diagram of the theoretical basis of the production of murmurs, tlirills and post¬ 
stenotic dilatation. With flow past a wire or cylinder, vortices are slied which cause periodic 
pressure fluctuations in the wake. The bulk of the energy is radiated in a direction perpendic¬ 
ular to the flow (the lift amplitude) rather than parallel to the flow (the drag amplitude). 
Flow through a stenosis is a modification of this basic pattern. The energy of the pressure 
fluctuations is of the order of acoustical intensities and, if strong enough, will be transmitted 
to the vessel wall, causing it to vibrate. "With time this could lead to structural fatigue of 
the elastic tissue, with dilatation the result Experimentally, a vibrating blade can reproduce 
these physical forces. By using a static tube, physical forces due to fluid flow can be elimi¬ 
nated and the effectiveness of vibrational fatigue more clearly tested. In practice, the point 
of maximal vibration of the tubing wall was usually found to be 0.5 cm. proximal to the blade 
tip. 



Pig. 3 .—^Diagram of apparatus used. 
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by stroboscopic illuminatiou and was found to be 96 cycles per second The 
blade was so placed that it did not touch the tubing wall. Thus, the eneigy 
of the vibration was transmitted through water to the elastic walls. The region 
of maximum vibration was found to be approximately 0.5 em. proximal to 
the blade tip. Thus, all but two factors that may cause wall damage were 
eliminated. Oiilv a hydrostatic pressure load and periodic pi-essure fluetua- 








Fig. 4 —The tube after ( t) 1 hour of Mbration. (2J) 8 hours of \ibration, and (C) 10 
hours of \ibiation the tubing wall Is weakened to tlie degree that it can no longer support 
the original hydrostatic pressure load of 130 nim Hg. 

tions, roughly of the magnitude of acoustical intensities, were tlie forces ap¬ 
plied This arrangement, ue felt, approximated the physical factors to be 
tested which are found in the region in whicli post-stenotio dilatation occurs. 

Ten tubes, of varying quality, were placed under constant hydrostatic 
pressure which varied from 130 to 140 mm. Hg. After from 7 to 120 hours. 
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a moderate dilatation was noted in the tubing wall in the region subjected 
to vibration. Within 5 hours after this oeeni-red, tlie stressed segment was 
unable to withstand the original hydrostatic pressure and progressive dilatation 
was noted (Fig. 4). It was discovered that the higher static pres.snres led to 
earlier dilatation. 



Pig. 5 —A, Tube under static pressure of 135 nun. Hg after 185 hours. B, Tube during 
compression after 65 houis G, Tube after 30 hours of vibration; the original pressure load 
was 130 mni. Hg A line inaiks the point of niaximuni vibration 

Five tubes, not subjected to vibration, were placed under veiy high hydro¬ 
static pressures. These ranged from 190 to 240 mm. Hg. At these pressures, 
the strength of the material would be exceeded and dilatation would occur 
at one or the other end of the tube. It was noted that this dilatation occurred 
at a distance of from 2.25 to 3.5 cm. from the point of fixation. The fact 
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that the tube dilated at this constant location suggested that fixation of the 
tube had some part to play in the site of weakening. However, the vibrating 
blade was so placed in the ten tubes previously mentioned, that the point of 
maximum vibration was 4 cm. or more from the point of fixation. 

To exclude further the possibility that the tube with time would have 
dilated at this point without vibration the following modifications were made. 
The vibrating blade was lengthened until the point of maximal vibration 
could be felt at a point 9.5 cm. from where the tuhe was fixed about the stopper. 
After 10 houi’s, dilatation occurred at this point. We were unable to extend 
the length of the blade beyond this point as nodes developed which gave several 
points of nearly equal vibration and thus did not permit a concise experiment. 

In order to test the relative effect of the various factors that may be in¬ 
volved ill post-stenotie dilatation, the following experiment was performed 
Short segments of tubing from adjacent areas were cut. One segment was 
subjected to a static pressure of 135 mm. for 185 hours without the ap¬ 
pearance of dilatation. Another tube was compressed by a plunger, and the 
pressures in this tube varied from 138 to 142 mm. Ilg at maximum com¬ 
pression. This is not a wide range of pressures; however, the short segment 


A. 


FlfiT. 6.—Matched tubes after 101 hours. Upper tube was subjected to vibration. A line 
marks the point of maximum vibration The lower tube, not subjected to vibration, did not 
show local dilatation after 2 weeks. 

of tubing was found to dilate 2.3 mm. Hg during each compression stroke, 
representing considerable .stretch. After 65 hours no dilatation was noted. 
A third segment was subjected to 130 mm. Ilg and, after 30 hours of vibra¬ 
tion, dilatation was observed at the point of maximum vibration (Fig. 5). 

Because of the wide range of time required to produce dilatation, tubing 
produced by one manufacturer (Duval) was used in the last experiment. 
Matched sections were cut from the middle of the standard 90 cm. lengths. 
Each pair of tubes was placed under the same hydrostatic pi’essure load. One 
of the pair was subjected to vibration, the other was not. Four tubes at from 
135 to 140 mm. Hg dilated at the point of maxhmmi vibration in from 73 to 
115 hours. The respective pairs showed no dilatation after 2 weeks (Pig. 6). 
Another tube at 130 mm. Hg dilated after 580 hours of vibration. A matched 
section at the same pressure did not dilate after 2 months. This experiment 
demonstrated that the vibratory stress appears to be the one of greatest 
significance. 
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DISCUSSION 

Many theories have been proposed which have sought to explain the de¬ 
velopment of post-stenotic dilatation on the basis of physical principles. Camp¬ 
bell and Kauntze® have postulated that post-stenotic dilatation in aortic stenosis 
can be largely explained by the relative elevation of lateral pressure in the 
region dovmstream from the stenosis (the Bernoulli principle). They recog¬ 
nized, however, that the very low doumstream pressure in pulmonary stenosis 
made this explanation less plausible. They also felt that the presence of 
post-stenotic turbulence may be another factor in the development of post¬ 
stenotic dilatation. 

Holman^ was the first to submit the question of post-stenotic dilatation to 
exhaustive physical analysis. He emphasized the importance of considering 
the factors of physical stress which lead, in time, to stnietural fatigue of the 
vessel wall. He felt that the high velocity jet of blood issuing from the stenosis 
was suddenly retarded by the slow moving stream distal to the stenosis, causing 
a local conversion of kinetic energy into lateral pressure. In addition, this 
process led to the development of eddies of turbulent flow and reversed flow 
which struck the vessel wall and led to its vibration. He felt that the sites 
of the production of a local high lateral pressure and greatest turbulence were 
the same, and that at this place the point of maximum dilatation was found. 

Robiesek® and his colleagues studied the problem and could find no experi¬ 
mental or clinical evidence of a “local increase” of the lateral pressure in the 
post-stenotie region. By injecting dye into a glass model of a stenosis with a 
post-stenotic dilatation, they demonstrated that there was maximum turbulence 
in the distal end of the dilated region (Holman, by the same technique, had 
also demonstrated the presence of turbulence in the area of post-stenotic dilata¬ 
tion), They felt, then, that turbulence was an acceptable explanation of the 
weakening of the vessel wall and the consequent development of post-stenotic 
dilatation. IIoAvever, they accepted the “possibility that the cavitation process 
is perhaps the most important factor in producing the anatomic phenomenon 
kno^vn as poststenotic dilatation by injuring the wall of the blood vessel.” 

It is difficult for us to understand why a model of already existing post- 
stenotie dilatation was chosen to demonstrate the presence of turbulence. This 
may have been the cause of Robiesek’s dye injection study showing that the 
region of maximal turbulence is not at the site of maximal dilatation but, 
rather, at the point where dilatation has decreased to almost the normal vessel 
caliber. Be that as it may, the theory that turbulence could lead to post-stenotic 
dilatation appears even less likely when one realized that it is very probably 
incapable of producing pressures even of the order of acoustical strength. To 
ask that turbulence set the vessel wall into vibration seems to be an unreason¬ 
able demand. 

When, however, one considers that the wake in blood can be made to fluc¬ 
tuate pressure-wise in a nearly periodic fashion due to the presence of an 
obstacle or narro'wing in the vessel wall, then it appears reasonable that a 
force is present capable of producing a murmur. If large enough, this force 
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will be manifest as a thiill It appealed to us that tins was the factor to in¬ 
vestigate, as of all the possible soiiiees ot iiinisual sticss on the downstream 
wall of the vessel, the murimu (and thiill) is the onh one pieseiit, and present 
in inaMinal intensity, in the legion m «hich one notes post stenotic dilatation 
In this eonneetion, Spencei’ and his colleagues have shown that munnuis of 
coaiotation, lecoided diiectlj lioin the aoita, aie inasimal in intensity in the 
legion of gieatest post steiiotie dilatation 

In legaid to the question of caiitatioii, it should be biieflx noted that work 
in this laboratoii has shown that it will not occiii in blood unless the dining 
picssuie IS at least SbO nun Ilg As picssuies of this magnitude are raiely, if 
01 ei, eneounteied in the bodj it seems that this is an unlikch explanation of 
post stenotic dilatation 

These expeiiments weie peifoiiiied with thin walled iiibbei tubes and with 
cneigies which appioxiinatcd those which might bo found with a loud nminiiii 
and a modeiatcK intense thiill It iiiav be that the lelatiieh thick wailed 
vasoulai stiuetiiies would be able to withstand these stiosses and not tend to 
dilate This lepoit, howeici, suggests that vibiation of disciete segnienfs of 
distended elastic tubes can lead to dilatation in that aioa The fixation ot 
the tubes to a solid suiface undoubtedly contiibutcs to the dilatation, but ap 
peais to bo less significant than vibiation 

It is hoped that this woik has olfeted a satisfaotoiy physical basis foi jiost 
stenotic dilatation eonsistoiit with the known physiologic and clinical char 
acteiisties of the phenomenon . 

suifsriRV 

The physical factois winch may plax a pait in the dexelopment of post¬ 
stenotic dilatation aie le oxaniincd Factois lelating to pulsatile floxv are 
found to be unlikely causes A new theon of niui’mius is applied and the hy¬ 
pothesis IS made that vibiations of the \cssel wall (thrills) aie of sufficient 
eneigy to cause stiuctiiial fatigue and dilatation Tins was demonstrated by 
subjecting latex rubbei tubes held under a static piessiiie to vibiation 
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THE PATHOLOGIC EFFECTS OF METALLIC FOREIGN 
BODIES IN THE PULMONARY CIRCULATION 


A Long-Term Experimental Study 

Lyman A. Brewer, III, M.D., Angel F. Bat, Al.D.* ( by invitation), Edward L. 
King, Al.D. (by invitation), Ellsworth E. Wareham, M.D. (by invitation), 
and Jack Al. Farris, M.D. (by invitation), Los Angeles, Calif. 

INTRODUCTIOX 

T he surgical management of the asymptomatic metallic foreign body 
lodged in the pulmonary arterial circulation poses a difficult problem 
because of the paucity of reports and diversity of opinion. However, it is 
probable that this condition is not as rare as is recorded for we know of 
several unreported cases. When hemorrhage or infection is present there is 
a clear-cut indication for the removal of the foreign body. Yet when the 
foreign body is asymptomatic and has produced no significant pulmonary 
changes on the chest roentgenogram, the advisability of a thoracotomy to 
remove this foreign body is open to question. We have been faced mth this 
problem clinically and it is possible in one instance that we removed a foreign 
body from a branch pulmonary artery unnecessarily. Since World War H, 
potential infection, hemorrhage, emboli, and septicemia have been cited as 
indications for removal of the asymptomatic foreign body. Considerable 
support for this point of view may be found in the medical literature.^’ 

The justification for the prophylactic removal of asymptomatic foreign bodies 
has been based on what seems to be logical theoz’etical considerations. How- 
evei’, except for sporadic cases, neither long-term clinical nor experimental 
studies concerning the fate of foreign bodies in the pulmonary arteries are 
available.-’ ** Thus, this series of experiments was undertaken to determine 
ultimate effects of metallic foreign bodies introduced into the pulmonary 
ai’terial circulation and the systemic circulation of mongrel dogs under vary¬ 
ing conditions up to a period of 2 years. 

Prom the Departments of Surgery of the College of Medical Evangelists and the Uni¬ 
versity of California at Los Angeles, Los Angeles, Calif. 

Read at the Thirty-ninth Annual Meeting of Tiie American Association for Thoracic 
Surgery at Los Angeies, Caiif., April 21-23, 1959. 

’Zuviria #698. Esq. Uraguay. Barrio Juniors, Cordoba, Argentina. 
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IIETHOD 

A total of 6G foreign bodies was introduced into the superior vena cava 
or directly placed in the main pulmonary artery in 42 mongrel dogs (Table 
I). To compare the reaction of the pulmonary artery to that, of systemic 


Tahle I. I.VT101V.IS0UL/IK PoKEin.v Bodies 


SITE 1 

1 NO. OF 1 

FOREIGN BOBIRS | 

NO. OF 

DOGS 

1 MOIITAEITY 

Right atrium 

4 

•i 

0 

Right veutriclo 

1 

1 

0 

ifaiii pulmonary artery 

8 

r • 

4 

Branch pulmonarj’ artery 

53 

28 

1 

Coinnioii iliac arter 3 ' 

U 

14 

0 

Totals 

80 

42 

5 


vessels, a series of 14 metallic foreign bodies were introduced into the common 
iliac arteries of dogs. Largo mongrel dogs weigliing from 15 to 35 kilograms 
were employed. Lead fragments from 15 to 20 mm. in longest dimension, 22- 
and 38-caliber lead bullets, and fragments of needles wore used. 

Employing positive pressure ether anesthesia, the chest was opened under 
aseptic conditions. Lead bullets and fragments were then introduced into 
either the superior vena cava or the main pnlmonary artery. In some of the 
animals the foreign bodies were introduced into the common iliac arteries 
immediately following the completion of the tlioracotomy. Eoentgenograms 
and gi’oss and microscopic studies of the effects of the foreign bodies were made 
at periods of time varying from the day of operation up to 48 months. 

RESULTS ' 

Fate of Foreign Bodies introdneed Into the Superior Vena Cava.— 

At the beginning of our experiments, foreign bodies to produce pulmo¬ 
nary embolization were introduced directly through the azygos vein into the 
superior vena cava and forced into the right atrium. This method was chosen 
since it is the usual manner in which foreign bodies enter the pulmonary 
circuit. After a study of 15 such experiments, we found, in a third of the 
eases, the foreign body lodged in the right atrium or right ventricle and 
two thirds of them lodged in the pulmonary arterial circulation. The foreign 
bodies in the right side of the heart were well tolerated.® By the third week 
they were completely covered with endothelium and caused no erosion or 
embolization in observations extending over 20 months. 

Fuhnonarg and Systemic Arterial Reaction to Foreign Bodies .— 

In none of the G1 instances in which a foreign body was introduced into 
the pulmonary artery and in the 14 times that a foreign body was introduced 
into the common iliac artery did erosion of the vessel, secondary hemorrhage, 
or infection take place (Table II). In the pulmonary artery, minimal clotting 
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Table II. Reaction' op PulmokiVry and Illvc Aktekies to ^^Ietallic Foreign Bodies 



NO. 

1 

erosion 

rROXIlIxVL 

CLOT 

distal 

CLOT 

Jilaiii pulmonary artery 

8 

0 

0 

0 

Branch pulmonary artery 

53 

0 

0 

0 

Common iliac artery 

14 

0 

6* 

6* 

Totals 

75 

0 

6* 

6* 


‘Slight. 


oeeurrecl the first 2 or 3 clays after the injection of a foreign body bnt no 
massive clotting occurred either proximal or distal to the foreign body. There 
was a rapid encasement of the foreign body by organization of the clot and 
growth of the intima of the vessel to cover the ends of the foreign body which 



Fig. 1 ._Dog 478. Longitudinal low-power section of left main pulmonary artery and 

riffht common iliac arteries 3 days after embolization of lead foreign bodies. Left main 
pulmonary artery, b. Left common iliac artery. Both vessels show early organization or 
small clot proximal and distal to the foreign body. 

was encased in this fibrous cocoon or caiisule. This reaction, which we have 
not found reported before, appears to be similar to that shown by the growth 
of endothelium in the lining of vessel substitutes. In the common iliac artery 
in dogs, there is an excellent collateral blood supply cine to the fact the dog 
has an additional large caudal artery extending from the mid-portion of the 
bifurcation of the aorta downward. Foreign bodies in the common iliac 
arteries of dogs showed a response to the foreign body similar to that ob¬ 
served in the pulmonary artery. This i*eaetion is cine to the fact that there 
is an excellent collateral circulation preventing massive clotting distal to the 
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foreign body. The bullet is well eueascd in 10 clays’ time, and shows very 
little change in periods of observation up to 2 years. 

Fig. 1, a shows a puliuonar.v artery 8 days after the implantation of a 
38-caliber lead bullet. The reaction is similar to that pieseuted in Pig. 1, b, 
which shows the common iliac artery where a 22-caliber bullet ivas lodged. 
Three days after implantation, one notes earlj^ organization of the clot. By 
the end of the second week the fibrous cap.sulo is complete and thereafter 
shows very little change. Pig. 2, a shows a low'-power photograph of the 
pvrUwOYvaYy artery, 18 vnowtlrs alter implantatioa of a loreigw body. Com¬ 
parable findings are seen in Fig. 2, b, which shows the leaetion to a foreign 
body in the eominon iliae artery implanted 18 months previously. In both 
instances the foreign body has been completely isolated in a fibrous and 



Fig 2—Dog 487 l^rtingitudinal section of left lower lobe pulmonary arterj (a) and left 
common iliac arteij (b) IS moiitlis after embolization of lead foreign body Both vessels show 
foreign bodv m \essel completely surrounded bj a "cocoon” of dense connective tissue Ad¬ 
jacent to tins the obstructed portions of the vessel liave become entiothelued 

eudotlielized eocooii. The blood supply to the leg was excellent and organized 
clot was seen for a distance of 1 cm. to l.o cm. on the pioximal and distal 
sides of the “encysted” foreign body, 

Reiictio 7 i of Lung to Foreign Body in a Bianch Puhnonnrg Artery .— 

A total of 53 metallie foieigii bodies, -il lead bullets and 12 needle frag¬ 
ments were introduced into branch pulmonary arteries uiuh t'l" above 
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conditions, in a seides of 28 dogs. With the large lead foreign bodies there 
was blanching of the involved lobe immediately after implantation. How¬ 
ever, in half an hour the affected lobe became as pink as the nninvolved 
lobe. In 48 instances the lobe appeared to be grossly normal, whereas in five 
experiments gross infarcts were noted (Table III). For the most part, the 
lung appeared normal to external examination and inflated well. However, 
on microscopic examination a fairly severe pathologic change was present 
soon after embolization of the foreign body; extravasation of red blood cells, 
edema, and thickening of the alveolar walls in the pulmonary tissue distal 



nf section of left lowei- lobe of lung 2 days after embolization 

Of lead foreign body to left lower lobe pulmonary artery. The alveoli are filled for the most 
part with fimd and red blood cells. 


to the foreign body. Fig. 3 shows this reaction in the left lower lobe of the 
lung 2 days after the introduction of foreign body in the pulmonaiy artery 
of the left lower lobe. The intra-alveolar fluid and red blood cells were ab- 
soi’bed slowly and considerable variation was seen in the rate of absoi-ptioii. 
There is no further improvement in the appearance of the lung noted in the 
period from 6 months to 2 years. Fig. 4 shows the microscopic appearance of 
the lung 18 months after the implantation of a foreign body in the pulmonary 
artery of the left lower lobe. Considerable areation of the lung has taken 
place as compai-ed with the findings in Fig. 3, although perivascular and peri¬ 
bronchial thickening are noted. 


Table III. Pulmon'ary Eeactiox to Foreign Body i.n Branch Pulmonary Artery (53) 


NO. OP 
DOGS 

TIME 

BILATERAL ! 
OPERATION 

ilULTIPLE 

F.B. 

GROSS 

INFARCT 

GROSS 1 
EDEMA 1 

GROSS 

FIBROSIS 

RESULT 

7 

1- 7 da. 

3 

3 

o 

1 

0 

1 died* 

3 

8-28 da. 

1 



1 


Sacrificed 

S 

1- 3 mo. 

1 

3 

1 

1 


Sacrificed 

5 

4- 6 mo. 



1 

2 


Sacrificed 

3 

(i-i2 mo. 

0 

2 




Sacrificed 

3 

12-24 mo. 



1 



Sacrificed 

29 


7 

s 

5 

5 

0 

1 


Aspiration pneumonia. 
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Surprisingly little effect was seen in the roentgciiograin with the foreign 
body in a lobar or segmental artery. Ilowever, slight infiltration was noted 
without gross lobar density or infiltration. Fig. 5 demonstrates a foreign 
body in a lobar pulmonary artery 1 month after implantation without gross 
evidence of pulmonary reaction in the chest roentgenogram. In Fig. 6, the 
lateral roentgenogram taken 18 months after the implantation of a foreign 
body in the left lower lobe artery shows minimal peribronchial thickening. 



PIff. 4.—Doff 487. Peripheral section of left lower lobe of lunff 18 months after emboliza- 
. tion of lead foreign body to left lower lobe pulmonary artery. Pulmonary tissue well aerated. 
Perivascular and peribronchial thlcUenlng is present. 


Reaction of Lung to Foreign liody in Main Pulmonary Artery ,— 

Experience with a foreign body occluding the main pulmonary artery was 
accumulated witli some difficulty because even large foreign bodies tend to 
migrate to the branch pulmonary artery. We believe that it is true clinically 
that most foreign bodies entering the pulmonary circuit will migrate to a 
branch artery. It is logical that foreign bodies that do not occlude the lumen 
of the main pulmonary artery will be pro])c!led distally by the errrreirt of 
blood atrd arterial pulsation to a point where the artery is blocked. In all 
of tire foreign bodies involving the prtlmoirary artery in the expei-iments of 
Fritz and his colleagues,the foreign body was lodged in a branch iralmonary 
artery. However, in the authors’ experiments there were 8 dogs iir which a 
large foreign body was retained in the main pulmonary artery (Table W). 
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Table IV. Pulmonary’Ee.vctio.'! to Foreign Boiiy i.n JLun Pulmonary .Irteby 


DOG 

1 DATS 1 

GROSS 
INFAkCT , 

1 GROSS 

1 EWKMA 

1 GROSS 

1 TIIKOMUOSIS 

1 RESULT 

300 

1 

yes 

yes 

110 

Dieil; anesthetic reaction 

453 

1 

yes 

yas 

no 

Died; auricular fibrillation 

312 

1 

yes 

yes 

no 

Died; cardiac manipulation 

472 

4 

yes 

ves 

no 

SJicrifieed 

468 

10 

yes 

yes 

no 

Sacrificed 

455 

24 

yes 

jes 

no 

Died; bilateral foreign bodies; 
lij po.Kia 

482 

55 

yes 

yes 

no 

Sacrificed 

342 

13 mo. 

yes 

yes 

no 

Sacrificed 


The eutive lumen, of the artery was blocked and marked changes in the lung 
were noted. The reaction of the lung was immediate and severe in all of the 
8 animals. The lung was engorged, edematous, appearing grossly to he in- 
farcted. Later fibrosis and organization of the lung and some areation had 
taken plaee. These observations paralleled the pi-eviously reported experi- 



Fi£r. 7.—Doj? 472. Peripheral section of left lower lobe of lung 4 days after embolization 
of lead foreign body fragment to left mam pulmonaiy artery ■which was completely blocked. 
The lung is practically airless. The alveoli are completely Hlled •with fluid and red blood cells. 

ments in which the main pulmonary artery had been ligated.*'' ** Even 
though the bronchial artery will keep the lung alive, the anatomic 'changes 
come on rapidly and are much more marked with the main pulmonary artery 
obstructed, than when a branch pulmonary artery is blocked. Pig. 7 demon¬ 
strates the severity of the pulinonai'y reaction on a low-power section of dis¬ 
tal pulmonary tissue 4 days after the implantation of a foreign body in the 
main pulmonary artery. This reaction was slow to .subside after the impinge¬ 
ment of the foreign body. The roentgen findings were dramatic and showed 
ovideiico of the marked pathologic changes that were taking place in the lung, 
deprived of its pulmonary artciy blood suiiply. In 1 month’s time, the chest 
roentgenogram shows a dense shadow occupying the major part of the af¬ 
fected lung (Pig. 8). In 20 months, vei-y little increased areation has taken 
place on the chest roentgenogram, shown in Pig. 9. This reflects the patho¬ 
logic changes in the lung in which considerable fibrosis has taken plaee with 
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thiekenijig- of the interalveolar partitions which in some places present an 
almost solid airless lung. Thus, although the lung remains viable it is obvi¬ 
ously damaged and appears to have little if any function. One of the females 
delivered multiple litters of puppies and 1 dog escaped from his cage and 
fought and killed another dog the day after the implantation of the foreign 
body. Yet in spite of the marked reaction to the foreign bodies in the main 
pulmonary artery, practically all of the dogs tolerated them very well. 



FiK. 8. FiK. 9. 

Pig. 8.—Dog 482. Roentgenogram of chest made 1 month after lead foreign body ein- 
bolized to left main pulmonary artery. Left lung almost completely opaque, reflecting severe 
pulmonary infarction. 

Pig. 9.—Dog 298. Roentgenogram made 20 months after emboiization of lead foreign 
bodies to left main and lower lobe pulmonary arteries. Some aeration of base of lung and 
slight aeration at apex. Remainder of lung opaque. 


Hole of the Bronchial Artery .— 

It has been long known that the bronchial arteries play an important 
part in the blood supply of the lung. In some congenital cardiac anomalies 
accompanied by severe pulmonary stenosis or absence of the pulmonary 
artery, the entire blood supply may come from the bronchial arteries. Con¬ 
siderable experimental work has been done on the importance of the bron¬ 
chial blood supply to the lung.^’ In all the dogs in which foreign bodies 

were introduced into the pulmonary arterial circulation, the bronchial arteries 
were engorged and dilated (markedly so in some instajiees). 

The role of the bronchial arteries was studied in a series of 5 dogs in 
which the bronchial arteries of the main bronchi were divided at the time a 
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foreign body was introduced into a branch pulnionary artery, Jti’aclion of 
the lobes to this double impairment of the blood .sitjjply was ficeii in sev'crc 
pulmonary infarction, edema, and extravasation of blood cells. 'I'liis came on 
early and was slow to resolve. In the animals with foreign bodies in the lobar 
pulmonary artery, the reaction of the lung was similar to that Hia;n when fo;- 
cign i)odie.s lodged in the main pulmonary artery. This difference is shown 
in Pig It). 0 and b. Fig. 10, a (Dog 370) shows the e/feet of the foreigti body 
placed 11 iiiuntlis preriou-sly in the left lower lobe branch of the pnliaonary 
arterj'. Tin- lung is well areated and the architecture in piim-.i-vcil. Fig. 10, 0 
shows the rtuition to the foreign body placed in the opposite lower lobe pnl- 
monary ai-n :y nf this same animal in which the bronchial artcrie.j h;nl been 
ligated at the time of the introduction of the foreign body. If. noted in 
Fig. 10, b that tia microscopic pathologic change.? are much more v:vcre liian 
in the Irnwr loh.- a the ox>i)ositc side. In these eases the lung did not neco/no 
complctr'y amni'rcD- as, indicalhig that either the intramural l/rahei/es of the 
bronchial a'-n .'-n > !■■ vided some blood suitidy or that co.'omn/jic.'iting eh-'intichi 
e.xisting bci -, ■_ ol/cs •.vere suiticient to maintain the life of the long •( ..snc 
distal til tic . . o-iy and the ligation of the bronchial artery, Intrapferirai 
adhes’ ins of .ir type -,rere not noird, .so hhxA .supply frruii this .•/jtitiv; 

secin-- unlikely 


'I he injecti - <1 sx.5piLi:on of 5nc- jianieuiate carixi.u (iau,pi>)ai:'4, into 
the I 'rta just : ■ te tie ascrixte of the zzjtzaals of co,V;hle.*af/.'e j'jv.-.o.g,, 

Carbiiit could li' 'lily i-ieritired in the Jtzttgdistal to tl.e iorerjys UAy, ■ai.'-fi.er 

the main pulni' ' aztery or the hntaeh ;--L.-ao.vajy artjzry aai a foi> i/A/, 

The carbon w,i in iranei i-roxcHil artert-» a-ad ayp-artA to the 

puli.ioiiary ti.s.iie' cr'inicial pzsaecary arterzLj. is->.v..',vv.';tsatt'.,'..s. 11 

shou ^ diffuse jiusat;tairy eat-t —try etz.tit'jttatttn "irttri tae ■earz.ocz part.-*'-et t.tt 
the lower lobe of tie i—a ha trhtth; 2 toretga f,i'..'iy h,vi r.srt.ti ;„V.eei-i hu :f..e r.-.a.'.-.' 
puli' unary artery 7> ttooms yrrra-zzAy. jt-e -..ejere yi..'.'_v.-.arj' .'■ei.rti.'.r, of 
the lung distal to tie f;rihgn tudy ha tie n.aha^>-i-V.-,.caC‘' t-'t*-*:'' d-.r-tiat 


parti lly aerated Ii-Agi *aesr 
the 1 ng G to 24 .tiintas. ift.t 
arter.’ However, ratee 
partic date carbon. . - 
tioms ’c fairly c.si .1 
sue di al to a forcir '--t' 
has'e t- owjt that ii- m ' 

tion tl oiigh the hr'..'-- . 



Eil'd <4 

The pultannaO' 'o’" 
that of 'he systemic 
Were anastomnsA-d lo 
would th" liiilK 
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Pig. 10.—Dog 370, 'a. Peripheral section of left lower lobe of lung 11 month.s after im¬ 
pingement of lead foreign body in left lower lobe artery. Lung is well aerated and architec¬ 
ture preserved, 

b, Peripheral section of right lower lobe of lung 11 months after impingement-of lead 
foreign body and division of bronchial arteries, Jlarked interalveolar, perivascular, and pen- 
bronchial infiltration and fibrosis is noted. Lung tissue is practically airless. Reaction similar 
to that caused by main pulmonary artery embolization. 




FIff 11—Dop 312. Peripheral section of right lower lobe of hing 13 months after era- 
DOlIzation of lead foimgn body In light main pulmonary artery. Fine carbon pigment injected 
Into aorta Is seen in bronclual arteries and dilfusely filling pulmonary c<ipillaries. Consideiable 
aeration of lung has taken place but Interaheolar thickening and pcrKoscular and peribron¬ 
chial thickening aic present. 



Fig. 12—Dog 369. Section of left lower lobe of lung tlistal to lead foreign body embo- 
lized to left lower lobe 4 months previously. Anastomosis of subclavian artery to pulmonary 
artery has lesulted in a flooding of the lung \vith blood Fibrosis and lack of aeration is 
noted 4 months lalci. 
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systemic arterial anastomosis? In four instances, the left subclavian artery 
was anastomosed to the pulmonary arteiy. Marked engorgement of the en¬ 
tire lung occurred with severe congestive changes and hemorrhage into the 
alveoli. The effect of the increased pressure and blood flow in the pulmonary 
circulation was striking, and the engorgement and hemorrhage into the lung 
were the same above as below the level of the foreign body in the pulmonary 
artery, indicating a marked flooding of the lung through pulmonary arterial 
capillary anastomoses (Fig. 12). In fact, similar and almost severe changes 
were noted in the opposite lung. Thus, it is apparent that the severe engorge¬ 
ment and hemorrhage in the lungs caused by the high pres.sure and blood 
flow from a systemic artery precluded the use of such an anastomosis as a 
means to increase the pulmonary alveolar flow to the lung distal to the foi-eign 
body. 

SUMJIARY 

In 42 dogs in which 80 foreign bodies were introduced into the superior 
vena cava, pulmonary artery, or common iliac arteries, there was only one 
death due to the introduction of the foreign body in a long-time study cover¬ 
ing periods up to 2 years. This death occurred in a dog who had a foreign 
body in the left main pulmonary artery and the right main pulmonary artery, 
together with a right upper lobe lobectomy, A.sphyxia was apparently the 
cause of the death. 

These metallic foreign bodies were well tolerated and no erosion, hemor¬ 
rhage, or secondary infection occurred and the foreign body was rapidly cov¬ 
ered with an endothelized cocoon. Proximal or distal clotting in the pulmo¬ 
nary artery was not noted. A similar reaction was seen in all 14 experiments 
following the introduction of metallic foreign bodies in the common iliac 
ai'terics of dogs in which an excellent collateral blood supply was present. 

The lung distal to a foreign body in the lobar or segmental pulmonary 
artery was grossly aerated and showed some gross infarction in only 5 of 
the 51 foreign bodies introduced into a lobaz: arteiy. The lung appeared 
grossly normal in all but five instances and roentgenograms were clear or 
showed minor changes. However, on microscopic examination of the lung, 
congestion, hemorrhage, and thickening of the alveoli with edema were noted 
soon after the embolization of the foreign body. In a period of fi'om 6 months 
to 2 years, these changes gradually cleared microscopically although slight 
peribronchial and peiivascular fibrosis persisted. 

On the other hand, foreign bodies in the main pulmonaiy arteiy pro¬ 
duced severe congestion, hemorrhage, and edema of the entire lung which ap¬ 
peared to be grossly infarcted. X-ray studies showed diffuse consolidation 
of the lung persisting for months after the blocking of the main pulmonaiy 
artery. In 2 years’ time, the lungs never completely cleared although there 
was some aeration of the lung ,and the lung decreased in size. Considerable 
fibrosis was present. There could be little if any pulmonary function of the 
distal lung with the pulmonary arteiy (either main or branch) blockec ly a. 



Vo] 38 No S METALLIC FOREIGN BODIES IN PULMONARY CIECDLmON fiSq 

November 19i3 


loieigii body Davis and co-vvoikeis^ have shown that the mam puliuonaiy 
aiteiy may be occluded foi peiiods up to 48 houis and the pulmonaiy changes 
vvnll be levoised by le establishment of the pulmonaiy ciiculation Aftei this 
peiiod of time, iiieveisibility of change was the lule 

Bionchial aitones have an impoitant role m supplying blood to the lung 
distal to a foieign body in the pulmonary ciiculation iluch moie leaetion 
of the lobe with bionchial aitciy divided was noted as compaicd with the 
bionchial aiteiy intact Fine caibon suspensions injected into the aoita may 
be seen diffusely filling the bionchial and pulmonaiy capillaries distal to a 
foreign body in the pidmonaiy aitciial ciicmt Anastomosis of a systemic 
vessel (the subclavian .uteij’) to the pulmonaiy aitciy cmbolized by a foreign 
body does not pievent pathologic changes in the lung distal to the foreign 
body In fact, the jiulmonaiy eiigoigcmcnt, hemoiihagc, and edema vvcie so 
seveie as to contiaindicatc tins pioeeduic 

CONCLUSIONS 

1 In the intioduetion of G1 foreign bodies to the pulmonaiy oiiculation 
in no case was thoie liomoiihagc, erosion of the vessel wall, secondaiy iiifeo 
tion caused by the foicign body The foicign bodies were lapidly eoveied by 
a fibious endothelial “cocoon” which viitually isolated them fioni the oireu 
lation 

2 The asyuiptouvatie foieign body which obstiucts the mam pulmouaij 
ai-teiy causes seveie ehanges in the lung and should be lemoved piomptly, 
piefeiably within 48 houis aftei embolization if pulmonaiy function is to be 
significantly restoied 

3 Asymptomatic foieign body m a bianch pulmonaiy aiteiy pioduces 
much less general leaction of the lung than the mam pulmonaiy aiteiial ob 
stiuction Howevei, modeiatcly seveie micioseopio changes weie noted com 
mg on immediately which tend to cleai .after a period of months, showing 
a lelatively clear lung on n lay examination but with iiiicioscopie changes 
showing slight peiivasculai and peiibionchial thickening and fibiosis 

4 The fiist 2 weeks appear to be the most hazardous foi uninfected sliaip 
foieign bodies m pulmonaiy arteries Aftei this time, theie is little feai of 
eiosion 

5 Asymptomatic foieign bodies do not need to be lemovcd fiom a blanch 
pulmonaiy arteiy foi feai of eiosion once encystiiient has taken place How 
evei, these foieign bodies may be icmovcd to improve pulmonaiy function 
if the vessel is laigc enough to anastomose oi graft without subsequent 
thiombosis in this low piessuie system 

6 Lobectomy oi segmeiitectoniy is contiamdicated foi these lobes aie 
viable and, since they aie well aeiated, aie excellent pleuial space filleis 
pi eventing overexpansion of adjacent lobes 

7 The bronchial aiteiies have an irapoitant lole m supplying blood to 
the lung distal to the foieign body Infaietion m human beings may be due 
to dift’eienees m mtegiity of bionchial aiteiies 
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8. Anastomosis of a systemic arteiy to a pulmonary artery containing 
a foreign body causes so much pulmonary congestion, hemorrhage, and edema 
as to contraindicate this procedure. 
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CAUSE OF DEATH IN CARDIOANGIOGRAPHY 


Rii)jnond C Read, /II D ,Ph D, Minneapolis, Minn 

T ilt iMiiUENOUs admmisttatioii of ladiopaqiit agents is used clinically to 
delineate eitliei the niinaiy tiact oi the htait and gicat ^essels Wheieas 
the moitality of mtiavenous pj'clogiaphy is icpoitcd' to be less than 1 150,000 
that associated with caidioangiogiaphy is ten thousand times gieatei, oi an 
appiceiahle 2 to 5 per cent This diffcience has been assiiined to be a leflec 
tion of the gieatei iislc associated with the patient having oaidiac disease 
coupled with the fact that \iay iisuahaation of the heait lequiies an in 
cieased lato of injection as well as the use of a iiioie concentiated oigamc 
iodide piepaiation The puipose of the picsent investigation vas to deter 
mine the nieohanism lesponsible foi tluse fatalities 

Mi 11 ions 

Oenetal —All c\peuiiionts wcie earned out in adult inoiigiel dogs weigh 
iiig botMten 10 and 20 Kg The annuals wcic anesthetired with pentobaibital 
sodiinii, 30 mg pei kilogiain supplemented with small doses of suceinyl 
choline Aitifieial icspiiation nas provided with a positne pressure ventila 
toi eoiineeted to a tiaelie il eannula Intiae aseiilai piessuies weie measiiied 
with Statham tiaiiseliiceis and leooided on a Saiiboin Poly-Viso leeoider 
llepaiin (2 mg pei Kilogiam) was aehnmisteied foi aiitieoagiilation Donoi 
blood used in the peifusion cxpeiimeiits was collected into plastic beakers 
eontaining enough hepaiiii to pioduee a final coiieentiatioii of 5 mg pei 100 
ml of blood 

Ojjeii Chest Ammats —The chest was opened thiough the left fifth inter¬ 
space Polyethylene eatheteis wcic placed in (a) the mam piilmonaiy aiteij, 
(b) the left atiinm (e) the aoita thiough the feiiioial aiteij, and (d) the 
mfeiioi eena cava fioiii the feiiioial icin Injections weie made rapidh 
through a No 10 Pi catlietei placed into the vena caia through either the 
femoral oi jiigiilai veins The iiiajoiitj of the solutions adiinnisteied con 
sisted, because of then cm rent faioi, of coniiiioi cially available 50 to 80 pei 
cent diatiizoate salts of sodiinn and mctliylglncamine (Hypaqiie and Reno 
giafin) The lemaining studies wcic earned out using 80 pei cent Nal, 70 
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to 75 per cent preparations of ioclopyraeet (Dioclrast), ioclomethamate (Neo- 
iopax) and acetrizoate (Urokon), and finally 40 per cent methiodal sodiinn 
(Sldodan). Isotonic saline and dilute solutions (30 to 35 per cent) of the 
A^arious radiopaque agents were used as controls. 

Isolated Perfused Lung. —The chest of the animal from Avhich the lung 
was to be obtained was opened under artificial respiration by splitting the 
sternum longitudinally. The azygos vein and vena ea^m were ligated after 
hepaidnization and the heaid, lungs, and aorta were removed without inter¬ 
rupting ventilation. The plastic cannula Avhich had been filled to its tip 
with perfusion fluid was inserted through the outflow tract of the right ven¬ 
tricle and tied into the main pulmonary artery. Care was taken to keep air 
out of the pulmonary circulation. The pericardium, both ventricles, and the 
right atrium were dissected off and the left atrium drained at near zero 
pressure. The Imig was suspended in a perforated plastic plate and venous 
drainage was collected in a plastic fumiel and recirculated with a Sigmamotor 
pump. Perfusion Avas begun after an interruption of loss than 2 minutes. The 
perfusion rate remained constant and Avas determined by increasing the ar¬ 
terial pump to the highest floAV consistent Avith nonnal pulmonary arterial pres¬ 
sures rnorritored throrrgh a rreedle-tip catheter. Oxygenation Avas maintained 
by verrtilating the lung throrrghout the experiments. Injections Avere made 
proximal to the arterial prrmp. Pcrfrrsates consisted of either Avhole blood, 
red cell mixtirres, plasma, serum, or dextran-Einger’s solution. If blood Avas 
not to be used irritially the Iruig Avas first Airshed Avith large volumes of saline 
and dextran. Thoroirghness of the rinsing Avas gauged by the Avhiteness of the 
lirng surface and the clarity of the sohrtion emei'ging from the venous drain¬ 
age. 

Total Body Perfusion. —Total body perfusion Avas carried out by previously 
described techniques.^ The blood pressure response to radiopaque agents Avas 
determined rrrrder corrditions of constant Aoav to quantitate the change in total 
peripheral resistance. 

RESULTS 

Intact Animal. —A total of 44 injections Avas made in 16 dogs. Eespiratory 
alterations Avere prorninerrt but Avill not be considered frrrther at this time. The 
vascular response to these agents Avas A'arlable. ^Marked reactions occurred either 
Avith IreaAler animals in AAdrieh the absolirle volume administered Avas greater, 
or Avhen osmotieally more concerrtrated materials Avere rrsed regardless of 
chemical identity. A strilvirrg bradycardia Avith eviderrce of intraeardiac block 
AA'as freqirently noted. Prrlnronary edema, arterial de.saturation, and signs of 
congestive failrrre appeared after repeated injections. The blood pressure al- 
Avays fell in response to these agents. Tlmee distinctive patterns of decline, 
essentially unaffected by vagotomy, could be elicited in spite of some overlap. 

1. Monopliusic hypotension with or without death of the animal: The ani¬ 
mals died in half of the 16 instances Avhen 1 ml. per kilogram of sodium iodide, 
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lodomethamate, oi niothiodal sodium was injected (Pig 1) A similar result 
was obtained in 4 out of 6 cases with 3 ml pei kilogiam dosages of 90 per cent 
diatiizoatcs (Pig 2) Cliaiaeteiistically, as shown iii Pigs 1 and 2, the blood 
picssuie fell piocipitously and ne\ei lecoveicd, piiliiionaij arteiy piessme in 
cioascd stnKingly while left atnal picssuie fell, cential venous piessme rose 
with \igoious pulsations, and the hcait continued to beat foi some time In 
spections showed the left \eiitiicle to be collapsed A siniilai response intli 
eventual lecoien W'as seen in the leiiiainiiig studies with sodium iodide, lodo 
methamate, raethiodal sodium, and high dosages of diatrizoates 

2 Diphasic hypotensive i espouse This type of leaction occuried fie 
quenth aftei injoetion of 1 ml pei hilogiam of 90 pel cent diatnzoate (12 of 
IS), 70 pei cent aeetiizoate (3 of 3) nid 75 pei cent lodopjiaeet (3 of 4) 
(Pig 3) A niildei vaiiant was ciieounteied with a similar dosage of 70 pel 
cent diatii/oate (2 of 7) Iiiitialh theie was a decline in blood piessme ideiiti 
cal to that deseiibed above witli biadveaidia, occasional missed beats, and a de 
eiease in pulse piessme Ilowciei the aitciial piessme lapidly lecovoied, with 
lesolution of the pulmonary hv pei tension and an overshoot in left atiial pies 
suit A nioio piolongcd lupotension then ensued, with taobycaidia, incieased 
pulse piessme and a loss of the dieiotic noteh in the piessme tiacing A con 
ouiient socondaij use and fall in puliiionaiy uteiial and vena caval pressmes 
weie also noted It should be pointed out tint the eaily pnlmonai’y liyperten 
Sion was fioqueiitlv accompanied by siiiiilai changes m the pulnionaiy vein 
despite iioinial left atiial leadings 

3 Paiadoxical reaction The lemamdei of the 1 ml per kilogram injections 
of ladiopaque agents, iiicluding all solutions examined with 50 per cent or lesser 
toiicentiations, showed a paiadoMcal lesponse (Pig 4) in that the tjpical de 
layed sjsteimo hypotension was pieeeded by a hypei tensive phase Initial 
pulmonale Inpeitensioii was iieeer seen Sometimes in the eaily period a dip 
Ill blood piessme otcmied that icsenibled the diphasie leactioii in the piesence 
of biadycaidia and missed beats 

Isolated Feilnsid Lunej —Sixteen lungs weie peifused Plow lates weie 
below 1101 nial eaieing fiom 44 to 110 ml pei kilogiani pei niinute llean pul 
luoinij aiteij piessmes weie phvsiologie howevei, langing fioni 5 to 25 mm 
Hg, the lowci figmes being obtained with plasma perfusates The degree of 
1 entilation had no eftect on the findings 

In most oases the lung w is fiist peitused with a colloid solution, subse 
quently blood oi eaiious led cell suspensions weie used Radiopaque agents, 
mcluding 80 pci cent Nal in doses of up to 1 ml pei kilogiam, neiei pi-oduted 
pulinonaij hi pei tension in the ibseiice ot led cells in the peitusate In fact, 
pulmonaii laseiilai lesistaiice geneially tell under these conditions except when 
1 iseous diatnzoate solutions wtie injected In contrast, a phasic inciease in 
jiuhiionaii aitciial piessme was almost iinitoiinly seen when smiilai amomits 
weie intiodiiced into ciiciilating blood oi led cell suspensions (Fig 5) Nal, 
methiodal, and lodometbaniate solutions gaic such iioleiit leactions that onl> 
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acetrizoate, and diatrizoate solutions required almost the full dosage of 1 ml. 
per Idlogram to double pulmonary arteiy pressure. The degree of response 
was in general proportional to the osmotic activity of the preparation tested. 
A positive response was never seen with 30 to 35 per cent concentrations. 
jMieroscopic examination of small blood vessels in the lung during a reaction 



10 sec. 


Pig’. 3.—Effect of 1 ml./Kg. of 70 per cent Urokon, 90 per cent Hypaque, 70 per cent 
Diodrast, and 40 per cent Skiodan. respectively, on pulnionaiT artery pressure in the isolated 
lung perfused at a constant flow, first with plasma and then blood (below). The phasic in¬ 
crease in pulmonary vascular resistance is completely dependent upon the presence of red 
cells in the perfusate and is transitory in spite of recirculation. 
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Pig. 0.—^Effect of tlie intra-arterial administration of 1 ml./Kg. of 90 per cent Hypaqu 
in the totally perfused dog. Note fall in arterial pressure at constant now witlmut cnang 
in venous pressure indicating an over-all decline in periplieral resistance. The now in ii 
aorta under these conditions is turbulent and red cell agglutination does not play as signi 
cant a role as seen after intravenous injection (Fig. 3). 





















\o? iS \o 
Noirmlxr lijO 


f'J- VTH l\ p i. , 


showed Id cell agghn,691 

summing A asotonstuu.oi, •>‘tu,ole. and 

01 about 20 pu '""'‘’‘I lasted " 

blood Ilou PeiuKuum .octionl *1 oceuued lu 1,"" inciea^e 

red cell ..cklmg, d.apubs.,, ^ *' roucistio, ” or 

been repoitcd in tb, , ^-awJai;ppca;-, 

multiple leaUions b ,d bun ob . '^'I’e'imentf w«sl' 

.non .11 ckmu '>eeau. f the ,k, atte'i 

Total Body 1\ li(w,oi - u. „ 
lent m concentuii n ‘ <«e ag< 

*.) vocficctn,. s:! 

S CNiK.iniiint'. siitoint ■-dine 


C 0 ini£NT 
Ootli I aiul Nt nh,. , 

piuoiniul in oui tlioii'sanV"^**''** "' ' 

b-tt. 01 inoie 1 

tasoular collapse,* electroc 

' inosis,” and death ■< i„ou 

"t 'bimfuncd theoiyuial entli 
'Oils to ladiopaijiie aguiis has 




Tlcse line includ 
imliiiiiinrj edein i 
iiasto 1 teitain l\ 
V^aoniotoi u i 
iiiiie ill tile t_\p( I 


smups'-.’ of imes 


■‘">;«-'"-'.ogiaplij had been 
Thee land otliei^) j' 

use onh to a aensa 
Warns Peeenth, peu.’t 
^«-ts have been ’li/oS' 
■'I'ajihic abnormalities ® “ 
-'airauness ot this barjnd 
'»> 101 thepi^^eduie 
-'■t^nmed for some 


neiitil aminal Bctiueii 1<)3 anj ino“me 

.. -'''oi-s domomtrakd the liSDotpi s . "''® 'J'nerent 

u'S'r ' *' ‘■'■>1 Pe"PiK d .fa 

lluwcu '*/• "i" 'asodilalatioii to be he nrim ™'ol'ed 

111 the f’ ‘ bis .issoeiatfe, ■ in 1950 , desenb^ a “Di "’^obanism 

'■e dog nhnh in ided bnidicndia, caidiac lire mi , ties^s ^ reaction” 

boL ad'» oSUS! “ 

uiuinn I “* Here the fiist to meutioi tc occiirren " 

Hum? ‘Apeiteusioi Thei ohsemd this response in th the e oe ox pnj 

and a patient ho htei died ‘be espeimiental 

Til 

ki„ P'o-suit stui demonstrates uiiequuocallv that ladi pioiie 

..- “«■ —""«- «.r"r 

'>‘«ocon. pulse waie, plethismogiaplue skm temperatuie and 

*ared ^“'“^'’aton natuie ot these compounds 

renoiis solutions ' This effect is delayed ax'ter mtra- 

‘“latui brrai it depends upon diiect contact Hith the peiipheral \as 

btan ° elecati i in pulmoiiar} artcrc pressuie cenous pressiiie and 

*flati T*" ^bi time suggests a compeiwiton adrenergic leleasc This 

' *’*''“=11 peiij cral phciioraenon, perhaps ot iinnoilaiice 011I3 m hyper 
"lath ‘oriosclci iic disease, is prc-ce-’ ‘OX'a; 

'"“fa dangerous action— oia-u u sb ti 



692 


BEAD 


J. Thoracic and 
Cardiovas. Surg. 


Pressure data in Pigs. 1 and 2 indicate that all of tlie dogs who succumbed 
did so of acute cor pulmonale. Circumstantial evidence obtained from case 
reports on patients who died siiggests a similar cause of death, the re.spiratory 
system being Auilnerable.-^ Almost all of the fatalities were in individuals known 
to be suffering from some type of central or periplieral pulmonary vascular 
stenosis.-^ C^mnosis, dyspnea, and signs of pulmonary congestion were notice¬ 
able at death. Pidmonaiy infarction, edema, and homoiThage were prominent 
autopsy findings. 

These experiments also provdde information regarding the mechanism re¬ 
sponsible for the increase in pulmonary vascular resistance. The studies in the 
whole animal show that the site of obstruction to blood flow througb the lungs 
may be proximal or distal to the capillary bed. This phenomeno)i persists in the 
isolated preparation demonstrating that the central nervous system is unneces¬ 
sary for its development. Its transitoiy nature in .spite of recirculation is 
against an indirect effect mediated through the release of vasoactive materials. 
However, a direct action on the pulmonary vasculature is also .ruled out be¬ 
cause no response is elicited when red cells are absent from the perfusate. To 
be consistent with these observations any theory regarding the pulmonary vas¬ 
cular effects would have to assume that radiopaque agents increase the viscosity 
of the blood passing through the lungs by affecting its red cell component. 
The hypothesis is confirmed by the microscopic demonstration of red cell agglu¬ 
tination with plugging of vascular channels throughout the pulmonary pa¬ 
renchyma. Tills potential for altering the stability of the red cell stream is 
shared with other concentrated salt-® and sugar solutions but not by urea which 
is unable to exert an osmotic differential across the red cell membrane. 

On the Ijasis of unpublished observations,^® it appears that markedly hyper¬ 
tonic solutions, when given intravenously, immediately penetrate the red cells. 
These hypertonic erythrocytes become damaged and hemolyzed after passage 
through the circulation when they are re-exposed to a normal environment. 
Eed cell agglutination is the first stage of this paradoxical hypotonic hemolysis.®^ 
The present studies show that doses up to 1 ml. per kilogram give rise to de¬ 
tectable changes in blood viscosity only when the osmotic activity of the solu¬ 
tion is greater than 1,500 mOsm. per litei’. Larger vohimes tend to lower this 
threshold. The central effect requires a much stronger solution than the vaso¬ 
dilatation seen in the peripheral vasculature. This is well demonstrated by the 
paradoxical response elicited by relatively dilute radiopaque agents. Here, pul¬ 
monary hypertension is absent allowing the previously masked effects of hyper¬ 
volemia and Bezold or direct cardiac excitation to develop before the later 


.systemic hypotension. 


A number of investigators have noted an association between the osmotic 


activity of angiographic media and their toxicity.’'- 


20 , 23, 21 Qotrim,®® in 1955, 


clearly demonstrated this relationship but, in the absence of pulmonary vas¬ 
cular measurements, attributed death to primaiy cardiac depression. Most 


toxicity studies have been performed in small animals using relatively slow 
rates of injection. The lethal do.se under the.se conditions is 4 or 5 times greater 
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TiBLE I OSMOHO CO\OLMKVTIO\ OP liiDIOPXqUt PkFI IRAHONS 


SOLUTION 1 

OSMOTIC VCTUlTi I 

(mOsm /L ) | 

rmo TO iLVbiiv 
(330 mOsm /L ) 

30% Urokon 

950 

3 

35% Diodrast 

1,100 

3 4 

50% Miokoii 

1,395 

4 5 

50% Hypaqui 

1,490 

4 o 

70% Eenograhu 

1,730 

0 b 

70% Urokon 

2,300 

7 S 

70% Diodrast 

2,320 

7 S 

90% Hj pique 

2,330 

7 8 

40% Skiodau 

3,100 

9 10 

75% Neo iopi\ 

4,100 

12 13 


than that deaciiljeJ at this time and ehcimeal coustituene% appeals to be iiioic 
impoitant’^ Anaphylaxis contiinies to be inentionecl as the cause of death in 
caidioangiogiaphj despite the fact that piehminaiy iiegatiie sensitivity tests 
aie the iiile ” 

Tlie pheiiomoiioii o£ lod cell a 5 ,gliitination explains a niiiiibei of hitlieito 
pooilv undeistood clinical obsciiations Complications haie incicased sixfold 
since 35 poi cent solutions (oiignialh developed foi intiavenous urogiaphvj 
have been leplaccd bv 70 pei cent piepaiationsThe ncvvei loss toxic ladio 
paque agents tend to have a lowei osmotic activity beiause of their laigei niolec 
ulai size, pooici dissociation, and the icplacemont of inoigaiiio by oigaiiie 
cations Tlio gioup of patients in vvlmh caidioangiogiaplij is known to have 
the gieatest iislc is that txemplihed bv the Eisenmengei sjiidioiiie Ileie led 
cell agglutination is accentuated bv poljcjthemia while the alieady damaged 
lungs aie obviousb moie susiejitiblc to vaseidai blockage An inciease m pul 
moiiaiy vasculai lesistance is especnllj dangeious in this situation because 
sjstemic Ksistaiice is smuiltaneousl} loweied bj tlio peiiphoial vasodilatoiv of 
foots and the two eiiciilatioiis aie connected bv a right to left shunt 

Ill conclusion, it should be pointed out that the risk of agglutination could 
be maikedly leduced, it not eliminated, bj changes in the chaiacteiistics of 
the moie conceiitiatcd ladiopaque piepaiations An attempt should be made 
to limit their osmotic activity to less than 1,500 mOsm per liter by either de- 
eieasing then solubilitj oi mcieising then molociilai size A more difficult 
line of appioaeh would be the development of solutions whose peimeability, 
like urea, is so gieat that they aic unable to develop an osmotic diffciential 
aeioss the led cell inembianc 

SUIIM VRV 

One to 3 ml pei lalogiani dosages of vaiioiis coiicentiated ladiopaque 
agents have been rapidly injected into the venous sjstein of 24 dogs A late 
pciipheial vasodilatation was loutmely obseived Solutions having an osmotic 
activity greater than 1,500 mOsm pei litei geneially pioduced an initial 
pulmonary hypertension which sometimes lesulted in death from acute coi 
pulmonale Studies in the isolated peifiised lung showed that the incieasc in 
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pulmonaiy vascular resistance was related to the presence of red cells in the 
Ijerfusate. Microscopic observations demonstrated that these commercial 
preparations can cause red cell agglutination "which is responsible for the 
pulmonaiy effects. The significance of these findings has been discussed in 
relation to clinical experience. 
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PHYSIOLOGIC RESPONSE OF THE CORONARY CIRCULATION 
TO UNILATERAL PULMONARY ARTERY LIGATION 

1. Initial Experimental Study 

Janies B. LittleJ'ield, Al.D.* (by invitation), Phyllis R. Ingram, ALD. (by 
invitation), Leonard T. Fnrlow, M.D. (by invitation), and Vh^illiain 
PI, Midler, Jr., iM.D., Charlottesville. Va. 

A SIMPLE operative procedure capable of increasing the extracardiac col¬ 
lateral circulation to the coronary arteries deserves evaluation. Previous 
studies of the bronchial artery circulation impressed us with the increase in 
extracardiac collateral eoronaiy blood flow which follows unilateral pulmonary 
artery ligation.^’ ^ 

Small extraeardiac communications arc normally present betiveon the sys¬ 
temic circulation and the coronary arteries, but the flow through these vessels 
is of little significance in the normal dog. After chronic unilateral pulmonary 
artery ligation, these small communications become greatly dilated and arc 
capable of carrying a large blood flow. The coronary arteries apparently con¬ 
tribute to the extensive collateral circulation of the lung after pulmonaiy arteiy 
occlusion. Under the experimental conditions outlined in this study (Pig. 1), 
these extracardiac collateral vessels may also carry a large volume of oxygenated 
blood into the coronary arteries. The purpose of this investigation is to deter¬ 
mine the physiologic re.sponse of the isolated coronaiy vascular bed to a well- 
developed extraeardiac collateral circulation. The anatomy of the extraeardiac 
collateral coronary circulation has been accurately described for more than 50 
yeai’s^ but its physiologic significance is not generally appreciated. In recent 
years Gross,® Meek,® Hudson," Kugel,® Gregg,®- Liebow,“'^‘ Bloomer, 
Vidone,^® Glenn,^® and their associates have contributed to our knowledge of 
this little understood but most significant collateral circulation. 

A principal source of extracardiac collateral blood flow to tlie lieart and 
lungs comes from the aorta through the bronchial arteries. Part of this sys¬ 
temic circulation is apparently shunted directly into the coronary vascular lied 

Prom the Department of Surgery, University of Virginia School of Medicine, Charlottes¬ 
ville, Va. 
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Surgery at Los Angeles, Calif., April 21-23, 1959. 
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Fig- 1 —The experimental method which emphasizes tlie left aunculai drainage, balloon occlu¬ 
sion of the left ventricle, and the creation of an ‘isolated aortic chamber" 



Fig —The diagrammatic representation of the aortlc-pulmonary-coronary collateral floA\, in 

the dog which passes througii the broncliial arteries 
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rtile the .■e„u,i,idcr pas.«s tiumigh the Umgs aud is ..etuined to the left auiielc 
{I ig. -). In this expei-imental study wc were able to investigate the systemie- 
eoronaiy collateral circulation alone (Fig. 3). A direct measurement of the 
isolated extraeardiac collateral blood floiv to the eoronazy vascular bed, com¬ 
pletely independent of the pulmonary venous-left auricular return, to our 
knowledge, has not been previousl}' reported. 



. dlaffram of the e.xtracardiac sources from wliJcl) arterial blood enters the 

isolated coronary vascular bed through auricular branches of the coronary arteries, under 
the conditions of the experimental method (after chronic unilateral pulmonary artery ligation). 
The retrograde flow Into the “isolated aortic chamber" through the coronary ostia and the 
forward flow through the coronary vascular bed is demonstrated. 

EXPEKIMENTAL. -METHOD 

Acute experiments were perfoiined in 14 dogs (11 to 20 Kg.); 5 were con¬ 
trol animals, and, in 9 dogs, the left pulmonary artery had been ligated from 
3 to 19 months. Sodium pentobarbital anesthesia was used and a positive endo- 
traclieal pressure of 9 to 12 cm. HaO was maintained by a mechanical respiratox*. 
Complete pump dependency was employed (disc oxygenator) and the aorta and 
pulmonary aitery were clamped simultaneously within the pericardium. Either 
potassitun citrate or anoxic cardiac arrest was utilized and the left auricle was 
immediately decompressed thi’ough a cannula which drained into the venous 
return to the pump. The coronaiy sinus, right auricle, ascending aorta (below 
the clamp), femoral ax-teiy and pulmonary artery were cannulated and pres- 
sui’cs and flows recorded. The cai’diae septa were intact. A balloon was 
inflated in the left ventx-icle of 10 annuals (4 were controls) to prevent 
any I'cmaining pulmonaiy venous flow from I'oaching the coronaiy ostia 
(Fig. 1). This created an “aortic chamber” which completely isolated the 
coronaiy ostia from all blood flow except that which came from extracaidiae 
sources. Serial oxygen saturation determinations were made and continuous 
electrocardiographic tracings recorded. Repeated flows were measured from 
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Nmcolct l^!) 

the tauliac cannulas with a giacliiate and timed foi 30 seconds or longoi In 
seieial instances, a cannula nas mtiodnccd into the left coronaiv ostia dueoth, 
thioiigh an aoitotomy, to lecoid the piessuie and flow At the completion 
ot each cspciimcnt, plastic casts and angiogiams weie piepaied of the ool- 
lateial ciiculation to the heait and lungs by injecting 10 pei cent ladiopaque 
Mnjl plastic into the doubly elainpcd descending thoiacie aoita, containing onh 
the biuiithial and lowei intcicost.il aiteiics Tcmpeiatmes vaiied duimg thest. 
cspeiimcnts between 30° and 34 5° 0 

This espeiimcntal method isolated the eoionaiies so that the e\tra 
eaidiae collateial ciicnhition alone winch peifused this e-ssenlar bed could be 
studied 3'he tcim, “high flow,’’ will he used to designate the .immals with 
cluomo uiulatoial pulniotuiiy artciy ligation 

itisur.Ts 

The lesults of this iniestigatioii weie eoiisisteiit in both the gioiip with 
pulmonai) aileiy ligation and m the controls Onh 5 of the 9 animals with 
an espanded collateial ooiouaiy eiiculation weie studied with a balloon m the 
leit \eiitiieie The icmamiiig 4 dogs, howeiei, showed the same lesponse as 
tlie 5 lepoited, except that then coioii.uj sums letnni was gie.stoi without the 
eompiessiou cftcct ot the inflated balloon The coionaiy sinus flow was .ihseni 
in the contiols with a total coionaiv toiious ictuiii of less tlian 1 ml per immitc 
Tlie gioiip ot animals with pulinonaiy arteij ligation ,ill showed moie coioimn 
xenons flow than the contiols and, in some instances, these flows wcie xeix high 

.Studies piexioiislj lepoited and obseivations Umnig tins imcstigatioii im 
picsstd us xvith ioiu impoitant findings in dogs with clnonic piilinonnix aiteix 
ligation (I) a piolongcd sinus ihytlun (up to 83 minutes) tollownng pul 
monai) aitei\ and aoitic occlusion xvith the loft aiincle decompicssed, (2) the 
inability to electively auest the heait foi moie than a foxv imnutcs xvitli po 
tassmm citiate, (3) the pieseiice of 10 pci cent vinyl plastic in the left coioiiaij 
aiteiy when the injection was made only into the doublj clamped descending 
thoracic aoita, and (4) a pcisistciit floxv of oxjgcnatcd blood into the light 
heait dining caidiac aiicst xxith pulinonaiy aiteiy and aoitic occlusion These 
findings weie eutuelj absent m the eontiol niimials 

In I’lg 4, the laige volume ot coionaiy venous letiiiu is recoided m 
an animal xvith ligation of the left pulmonaiy aiteiy foi IS months A xolunie 
of 135 ml poi minute passed tlnough the isolated coionaiy vasculai bed from 
extiatjiiliac souices alone, when the lett aimcular diam was occluded, pulmo 
naix xastulai picssuie lose xxith an ineiease m flow to ISO ml poi minute 
\£tei xasopiessoi stimulation, the floxv xxas 360 ml pei minute and promptly 
tell to 8 ml xvith Aifon.id admimstiation These phaimacologie lesponses 
lefleot the intimate lelationship between this extiaenuliae collateial coionaiy 
floxv and the systcime ciitnlation 

The me.m toionaiy sinus flow lates, expiessed in teims of stiiiaio meters 
oi body suifaco (appioximatel} 60 per cent ot the eoioiiaiy xenons letiini”), 
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roT] CORONARY F^n “AORTIC 

VENOUS FLOW CHAMBER” FLOW 


pnf aenionstrates the high coronary venous flow which Is pres- 

M unllawral pulmonary artery ligation (18 months). The pharmacologic 

I espouse of the e.^.t^acardiac collateral circulation to vasopressor and vasodilator drugs sub- 
^antiates the systemic arterial origin of this collateral. The ma.vimum response of the control 
group is represented by the broken line. Total cardiopulmonary bvpass Is present with aortic 
and pulmonary occlusion. . i nv- 
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-Fig. 5.—A graphic comparison of the mean coronary sinus flow (nil./min./jM.=) in both 
groups of dogs (5 control—5 high flow dogs). The controls show «o coronary sinus flow In 
fi^rtwo boxef on the right, in cintrast to the large flow present in the high flow group. (A- 
flow rates not recorded in 1 animal.) 
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111 both gioups ot aiiimalb aie eonipaicd m Pig 5 When the coioiiaij laseulai 
bed ivas completely isolated, theie iias no coionaiy sums flow in the control 
gioup, but the animals tilth a high evtiaeaidiae collatcial flow showed a mean 
tolume ot 40 ml pei minute which passed thioiigh the coioiiaij sinus There 
was a fall in flow in the ligated pulmouaiy aiteij gioiip fioin 73 to 40 ml pei 
inuiute aftei inflating the left vcntrieulai balloon, this piesumabl; represented 
an inteifeience tilth eoionaiy aiteiy filling Howevei, duiing this fall the 
total mean eoionaiy venous ictuiii was 85 ml pei minute, even though theie 
was a complete absence of noimal eoioiiaij blood flow, and lepreseiited the 
flow fiom evtiaeaidiae collatcial coiiimiinications into the eoionaiy vasculai 
bed This extiacaidiac eollateial flow was equal to the eoionaiy sinus flow 
111 the noimal beating heait with the animal off the iiump 

Studies ot the “isolated aoitie chambei” showed a piessuie of 5 to 7 mm 
Hg with an absence of flow in the contiols The high flow gioup demomstiated 
a mean piessuie ot 19 mm Hg and a flow of 29 ml pei minute with ovjgen 
satuiatioiis of 90 pei cent (Pig 6) Theie was no flow in the contiol group 
and oxygen saturations could not be determined 

The mean pulmoiiaiy venous flow into the left auuole duiing these evperi 
ments was 274 ml /nun /JI ^ in the high flow group and 23 ml /min /M “ m 
the controls 

The 10 pci cent ladiopaqtie plastic did not entei the evtiaeaidiae collateral 
coionai} ciiculatioii in the contiol aiiinials but was picseiit iii the aniiiials with 
pulmonary arteiy ligation 

DISCUSSIOV 

This study emphasizes the niaiked diffeieiicc between the meager cvtia 
oaidiac eollateial coronary artery flow normally piesent and the very high 
eollateial flow which lesults aftei piolonged unilateral pulmouaiy arteiy liga 
tiou, in the evpeiimeutal animal A period of 5 months or more seems to be 
lequiied following pulmonary aitery occlusion to establish well developed col- 
lateials between the systemic coronary ciiculation 

Liebow, Bloomei, and then associates'* have mdiiectly measuied the col 
lateial flow to the coionaiies in the intact, living animal, emploving die dilution 
teelmiques, after cardiopneuniopevy and puhnonaiy artery ligation They con 
eluded that the collateral blood flow entering the coronal\ sinus was 4 to 16 
pel cent'* of the total coronary sinus flow', in the absence of myocaidial is 
chemia, and suggested the possibihty of ligating a lobai pulmonarr arteiy in 
patients with “eoionaiy insufficiency ” 

The dog’s lieait is left eoionaiy pieponderant, in contiast to the human 
heait, liowevei, it is of uiteiest that Louis Gioss," in his classical monogiaph 
published m 1921, desciihed the eoionaiy blood supply in 100 human hcatts 
and demonstrated a shift from a light oi balanced coioimi-j heait to left 
eoionaiy piepoiideiance duiing the fourth to the eighth decades of life 

The elmical application of this evpeiimental stridj to human patients is 
speculative at this time Fuither investigations are now in progress in an effort 
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to clarify certain physiologic aspects of this simple operative procedure, uni¬ 
lateral ligation of the pulmonary artery. 

su:mjiak\- 

A comparison of the results in the coiitrol animals and high flow dogs with 
unilateral pulmonaiy artery ligation is shown in Pig. 6. 
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Fig. 6.—-L summary of the important differences in tlie physiologic response of the extracardiac 
collateral coronary circulation m the two groups of dogs. 


COXCEUSIONS 

Recognizing that these are experimental studies, performed in the bypassed 
heart under altered physiologic conditions, the results are nevertheless signifi¬ 
cant and demonstrate the potential extracardiac blood flow which is capable ot 
entering an isolated corouaiy arterial bed, after the chronic ligation of one 
pulmonary artery. Purther experimental and clinical investigation is necessary 
to determine the advisability of employing pulmonary artery ligation in pa¬ 
tients with coronary artery disease. 

tVe wish to express our appreciation to Mr. Boyd Perry, Mr. Tlioinas Perry, Mrs. ilary 
E. Garrard, and Mr. Eugene Varga for their teehnicul assistance. 
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Discussion 

(Papers by Wright [page 643], Harry [pige 052], Bruns [pice 662], Brewer [page 670], 
Read [page 685], Littifufid [p\ge 696], and Their Associates) 

DR WILLIAM E. BLOOMER, New Ilaieu, Conn—It is a pleasure to discuss this very 
mco presentation bj Dr. Littlefield Working with Drs Lindskog and Liebow, we became 
interested in the potential of the broiieliial artciial supply after ligation of the unilateral 
pulmonary artery back in 1947 

Tins slide, I thmk, shows the extent to which bronchial arteries can incieaso m size on 
one side. You can see on tins side, whcio there is no red injection, there is a lack of pul 
moiiary arteries, and these black \essels represent tlie increased bronchial arterial supply on 
that side. This mado us wonder if the potential of bronchial artenes might be applied 
to tlie coronaries in the old cardiopncuinoiiopexj that Wcas suggested and done bj Lcziiis 
[Slide] In using this technique, wo felt that this might supply artonalized blood 
lo the lung ind, hy uay of lornied \csscls across the transpleural plane, to the in>o 

cardium. 

In this slide, one can see, m such au injection corrosion specimen, newlj formed 
\e‘'&els going from the coronary arteries into the pulmonary vessels, where the coronaries 
ha\e been injected in red 

[Slide] This is also seen in this specimen, and liere jou see the pulmonary arteries 
have also been filled by way of the bronchial artenes when the aorta was injected in 
black and the red and the black mix together here in the lingula where this lias been 
applied to the heart. 

I would like also to point out that not onlj is there a potential supply of blootl 
bj waj of the bronchial artenes into au ischemic m> ocardium, but also this lung niaj 
form a bridging effect from one ischemic area of the lieart to another, and wo think this 
niaj be important. 
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[Slide] iSTot only were these transpleural vessels shown but, also, this very im¬ 
portant, wo think, rotrocardiae plexus, which has been emphasized by Dr. Littlefield this 
morning. These vessels, injected in red here, represent connections between the bronchial 
arteries and the anterior and posterior left atrial arteries that arise from the left circum¬ 
flex. 

[Slide] Diagrammatieally, then, it seems that the bronchial arteries, after ligation 
of the pulmonary artery, and having already preformed small connections between the 
coronary artery liere, become greatly enlarged, and the same mouths that feed the 
bronchial arteries feed these retrocardiac vessels, which also feed the coronary arteries, 
and it seems that thej' do form a very important collateral flow. 

I would like to emphasize that, as shown by Stern and Liebow's findings, one 
doesn't have to tie off the whole pulmonary artery; the lingular artery works fine. I 
understand that, although we have only begun to evaluate this in patients. Dr. Burford 
has started to incorporate this principle in some of his poudrago procedures, and we will 
be very interested in seeing his results. 

DE. GHAELES P. BA IL EY, Philadelphia, Pa.—I was particularly interested in Dr. 
Eichard Hardy’s presentation of a new elastomer foam prosthetic for arterial rejilacement. 
We didn’t have any of that material, but we did have similar problems. One of the proi)- 
lems that he did not particularly mention was the diiBculty of containing blood within such 
a prosthetic graft when tlie patient was heparinized. We have had this problem not only in 
replacement of peripheral arteries but in replacement of parts of the aorta, as when we use 
part of the aortic wall to repair the aortic valve. 

[Slide] Dr. Edward Fitch, of our resident staff, devised this particular prosthetic 
material. It consists of two slabs of compressed Ivalon sponge ^v’ith an intervening sheet 
of Teflon mesh, both of wliich are readily available. The tliree layers of tlie “sandwicli” 
are compressed and autoclaved. They end up as a single thickness sheet witli good adhesion 
of its various components. One then has the strength of the Teflon and its durability, and 
at the same time the advantages of handling of Ivalon sponge. 

This is the material before compression, and you can see tlie tremendous difference in 
the thickness of the slabs of Ivalon before and after compression. This is compressed 15 to 1. 
The usual compression of Ivalon for septal defect repair is about 6 to 1. 

At this compression there is no leakage of blood through the prosthetic material nor 
through the stitch holes that are created in sewing it to the arterial wall. 

[Slide] This prosthetic can be made in tubular form, the inner slab being rather thin, 
as it is wrapped around the inner mold. The Teflon is wrapped around and tlien a tliicker 
slab of Ivalon is added. Of course when it comes out of the mold it has a flange on either 
side and you ought to really cut off the flange for esthetic purposes as well as for ease of 
handling. 

[Slide] This material can be made in the form of a bifurcation graft just as well, 
if you wish. 

Using this material, either to replace segments of aortic wall tliat have been removed or 
in the replacement of an entire artery, we have found no unexpected difficulty. It is 
tolerated well by the tissues. We were afraid at first that tlie fiijrous tissues of healing 
might not grow into the material and cause it to be thorouglily incorporated, but this fear 
has proved to be unfounded. At least connective tissue fibrils must penetrate into the 
porosity of the prosthesis, because it attaches well to all contiguous structures. Neither in 
the experimental animals in whicli this was worked out nor in human beings has there been 
any difficulty. If you don’t have any of this new elastomer foam material you can easily 
make up a homemade prosthesis which will work quite well. 

DE. PAUL W. SANGEE, Charlotte, N. C.—The monumental work that Dr. Holman 
reported to this Society when he was President about 5 years ago on post-stenotic dilatation, 

I think, shall ever remain a pattern for studying this complex phenomenon. 
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It 13 quite true that there is definitely a turbulence in tlio post stenotic dilatation area, 
but ivc have a diftcrent opinion as to the effect of this turbulence \Vc liolicvc uiollicr 
h^drod^rnamic phenomenon called ca\itation plajs the most important role in tlio develop 
luent of post stenotic vvideuiiig Cavitation was originally debcribtd as “tlio boiling of water 
ill i tube at ordinary temperature” Liquids flowing through a closed a}stem generally eon 
t im gases m equilibrium with the fluid When tlic pressure equilibrium becomes disturbed, 
there IS a tendent-^ for a cavity (bubble) formation Under certain conditions, the sudden 
changes and alterations in veloeitj and pressure cause an alternate formation and collapse 
of gas bubbles Tlio human blood is a supersaturated fluid of o\ygen, COj, and nitrogen 
When there is a disturbance, innumerable small “micro explosions” are created The conse 
queuco of tins long acting process is severe injury to the walls of the system in winch tin 
fluid IS flowing 

A long continued bombardment of thcbC “micro explosions,” wo think [slide] results m 
destruction of the media of the arterj Note the fractionation of the elastic tissue IJiu 
bottom portion of tins slide was taken from tho same aorta ju'it a few centimeters beiieifli 
the j. St stenotic dilatation "ion will see tho normal histologic appearance of the arterj 

The second slide demonbtrates cavitation produced m a glass model You will obseive 
tJ ai ju‘!t bojoud the constricted portion of tho tube arc numerous gas bubbles Wo believe 
tl j n j lo^uon or explosion of tin •>» ^as bubbles causes «cvere injury to the vessel walls 

UP PAUL NEillR, Jr, II I vipfna, Pa—rise to congratulate Dr Hardy on Jus 
presentation Certain I is gives promise of at least getting us closer to the 
'•I'lthetic, because it woul ’ ♦- en to obviate that factor which, at least in our Jiands, 
troublesome it times, tliir bleeding at the time of insertion of the prosthetn 
\ liavo used a number of difl^-rent •substances, such as liomografts, heterografts, nylon, 
T flon, and Ivaluii lu abm t oO iiunials, implanting tin material into tin thoruK 
\ t i mil aorta. Vs far u almi tl rcp)iccm«nt and fibroblostn proliii ration in 
I tJiere is very little diftn ucc with respect to the materials winch wo have used 
1 \e examined these animals alter periods of as long as id to 13 months 
ft wjuld seem that the major problem would be to obviate tJjc factor of bleeding at 
H f in ertion and this certainlj gives promise of doing that. 


liP POLLINS HANLON, St Louis, Mo—I would like to coniraent on the presentation 

t l)r 1 n 1 

V It tine ago we were interested in this problem of toxic factors in angio 
cardiograihv Me studied it in some 40 dogs, injecting 70 per cent Orokon in three areas 
of the circulatory svstem—the jugular vein, the right ventricle, and the pulmonary 


arter\ 

We foimd that the closer to the pulmonarj parcnchjnia one injected the material, the 
tToater was the incidence of deleterious reaction in the lung M e noted severe agglu 
tinative thromboses in the dog’s lung (similar to those described bj Dr Dead) in about 
of the instances in which we injected Urokon into the pulmonary arier} 
irccth ' <• ^heu suggested that caution should be exercised m selective angio 
tri »."rapb' in m n when injections are made close to the pulmonarj substance 

V\e tnerefore proached selective angiocardiography in patients with some caution 
H vvGvt r dunn*^ the Oot - 'ears I am happy to say that in something o er 700 injections 
1 u ^h an intraearai catheter with So or 00 per cent Hyiiaquc we have had no fatal 
reaction® TIf e injections were done by Dr J Gerard iludd in his cardiac 
i lenzatiott laboratc’^ a^^d the negligible reaction rate is probably a-^ociatid v ith 
that most inject were made vyith the catheter tip m the outflow tract of the 
^ ^jjg left and only intrc^uently and with carefully reduced dosage 


ytto e pulmonary 
expt.r mental studiC- 


arterv d^reedy Also, the contrast •mb taace was not Uxokon, aS in our 
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DE. THOMAS C. MOOEE, Indianapolis, Ind.—I, too, should like to comment upon 
the very interesting paper of Dr. Eead. 

We have been interested in studying the deleterious effects of intravascular radio¬ 
paque media in the laboi'atory at the Indiana University Medical Center and have carried 
out studies employing injection into the peripheral arteries of dogs. The response has 
been evaluated by means of the impedance plethysmograph. We found that dilute doses of 
radiopaque media tended to have a vasodilating effect, whereas concentrated doses had a very 
markedly constricting effect. However, with repeated large injections the vasoconstricting 
effect became progressively less in degree. We found, also, that repeated small injections 
tended to protect against the constricting effect of a subsequent larger injection. 

In addition to these findings, we also discovered that a prior injection of procaine 
protected against this effect. This finding confirmed the observations of Dr. Keith Grimson 
with re.spect to injections into the renal arterial tree. It appears that the response to intra¬ 
vascular injection of radiopaque media may well be a constrictive one and ju'obably not 
mediated through the sympathetic system. 

Dr. Eobert Shaw, of Boston, has shown clinically that this response occurs even in 
sympathectomized e.xtremities. I think that the observations of Dr. Eead maj' be quite help¬ 
ful, indeed, in eliciting the actual mechanism of this response. 

I should like to ask him if he has attempted to use repeated injections in his prepara¬ 
tions, and whether he has attempted to use ijrior injections of procaine. It may well be 
that the response occurs as a result of some damaguig effect of this medium on the red cells 
and that this vasoconstricting rcspon.se may be actually secondary to red cell damage. 

It also might be worth while to expose some blood to the media, to filter the red 
cells off and to see what the resulting plasma is able to do in the way of vasoconstriction. 
I think it is an exceedingly important and worth-while study. 



Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Fortieth Annual Meeting of The American Association for Thoracic 
Surgery will be held Slay 11, 12, and 13, 1960, in Miami Beach, Florida. Head¬ 
quarters ivill be the Deauville Hotel. 

Requests for Hotel Reservations 

These should bo mailed directly to Mrs. Mildred Sander, Reservation Man. 
ager, Deauville Hotel, Miami Beach, Florida. Please mention this Association, 
the type of accommodation desired, the date, and approximate hour of arrival 
and departure. If accommodations are desired elsewhere please communicate 
directly with the hotel of your choice. 

Material for the Program 

ScffiNTiFic Papers. —Abstracts of all papers proposed for presentation at 
the 1960 meeting must he received on or before November 15, 1959, other¬ 
wise they will not be considered by the Program Committee. These should be 
labeled “For Thoracic Surgery Forum” or “For Regular Program” depending 
upon the nature of the subject matter, in the same manner as in previous years. 
They should contain from 200 to 250 words that accurately reflect the content 
of the completed paper. 

Six, repeat, six clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
Surgery, 308 Carondelet Building, 7730 Carondelet Avenue, St. Louis 5, Jlis- 
souri. 

Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to tlie secretary immediately after their presenta¬ 
tion. If they are not ready at that time there is a chance that they will not be 
published in The Journal op Thoracic and Cardiovascular Surgery. 
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Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1959, otherwise the 
application will be defeiTcd for eonsidei*ation until the 1961 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application foi’m, the sponsors 
^vill forward a separate letter concerning the applicant directly to: 

Frank Gerbode, M.D. 

Chainnan of the Membership Committee 
Stanford University Hospital 
San Francisco 15, California 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Chairman of tlie ]\Iembership Committee .should their applicants 
be held over for reconsideration a second year. 
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THE SURGICAL TREATMENT OF CYLINDROMA (ADENOID 
CYSTIC CARCINOMA) AND MUCO-EPIDERMOID 
TUMORS OF THE BRONCHUS 

IF, Spencer Ptiyne, M.D.* (by invitation), F. Henry Ellis, ]r., M.D,,** 

Lewis B, Woollier, /M.D.*** (by invitation), and Herman J. 

Moerscb, M.D.,**** Rochester, Minn. 

T he classification of primary cancer of tlie hiug now in nse at the Mayo 
Clinic includes a group of malignaut tumors that originate in the mucous 
glands (Table I). The term “bronchial adenoma" is customarily used when 
discussing thi.s group of tumors, which includes the carcinoid, the cylindroma, 
and the muco-epidermoid tumor. The term ‘‘adenoma,’’ however, has a benign 
connotation which docs not accurately describe the clinical behavior of many 
of these tumors. 

The clinical features and the malignant potentialities of the carcinoid 
tumor have been the subject of many publications from this^'” and other in- 
stitutions'"® and will not be discussed further. The present study is concerned 
lirimarily with the other two timiors of this group, the cylindroma (adenoid 
cystic carcinoma) and the muco-epidermoid tumor of the bronchus. 

Prom the Mayo Clinic ami 5Iayo Foundation. Rocheiater, Jlinn. The Mayo Foundation 
is a part of the Graduate School of the University of Minnesota. 

Read at the Thirty-ninth Annual Meeting of The American Association for Tlioracic 
Surgery, Los Angeles, Calif, April 21-23, 1039. 

•Fellow m Surgery, Majo Foundation 
••Section of Surgery. 

•••Section of Surgical Pathology. 

••••Section of Medicine. 
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HISTORiaU^ REVIEW 

HeseM® in 1877 made the first report on cylindroma of the bronchus, and 
Miiller^® in 1882 was tJie first to describe what is now classified as a carcinoid 
tiunor of the lung. In spite of the early recognition of these two types of tiunoi-, 
their significance was not generally appi-eeiated for many years. In the early 
1930’s, Kramer,Geipel,^- and Wessler and Itabin^^ distingaiished a group of 
tumors called “adenomas” from the more common and more malignant broncho¬ 
genic carcinomas. In 1937, Hamperl” clearly distinguished the cylindroma 
from the carcinoid tumors within this “adenoma” group. 

Table I. Classification of Prim.uiv Cancer of the Lung 

I. Tumors of brouclual epithelial origin ~~ 

A. Bronchogenic carcinoma 

1. Squamous cell carcinoma 

2. Adenocarcinoma 

3. Large cell carcinoma 

4. ymall cell carcinoma 

B. Alveolar cell carcinoma (terminal brouehiolar) 

II. Tumors of mucous gland origin (‘‘Lroncliial adenoma”) 

A. Carcinoid tumor 

B. Cylindroma (adenoid cystic carcinoma) 

C. Muco-epidermoid tumor 

HI. Tumors of mesenchymal origin 

A. Lymphosarcoma 

B. Fibrosarcoma 


The term “cylindroma” was originated by Billroth’^ in 1859 to desciibe 
an orbital tumor. The term was subseciuontly used to describe the histologic 
appearance of certain tumors arising in the lacrimal and salivary glands and 
in the glandular structures of the breast and mucous membranes of the mouth, 
nose, paranasal sinuses, larynx, trachea, and bronchi.**’ The term “adenoid 
cystic carcinoma” is of more recent origin**^ and is used as a synonym for 
cylindroma as it accurately connotes the malignant nature and microscopic 
appearance of these tiunors. 

j\Iuco-epidermoid tumors of the bronchus were first described by Biebow'' 
and, as he has pointed out, they are identical histologically with the muco¬ 
epidermoid tiunors originating in the salivary gland which Stewart, Poote, and 
Becker*® described. In the past, these tumors have been provisionally classified 
by both Liebow" and ns as cylindromas. Tiunors of the muco-epidermoid type 
are included hi the present discussion, not because they represent a histologic 
variant of cylindroma, but because this study of these lesions has led ns to 
believe that they represent a distinct and separate clinical and pathologic 
entity wliicli should not be confused ivith adenoid cystic carcinoma. 

The chief histologic feature of adenoid cystic carcinoma (Fig. 1, a) is the 
arrangement of small, darkly staining cells in anastomosing solid or cystic 
cords. Between these coUeetions of tumor cells are irregular areas of rela¬ 
tively acellular connective tissue which impart a “Swiss cheese” pattern.^ 

The main feature of the muco-epidermoid tumors (Fig. 1,1)) is the histo¬ 
logic pattern of an intimate admixture of well-differentiated mucous cells and 




Fig. 1.—Sections showing the mam histologic features, a. Adenoid cystic carcinoma (hema¬ 
toxylin and cosin , X130). 6, JIuco-epidermold tumor (hematoxylin and eosin; X^UO). 


Diu’ing this 32-ycai’ period, 162 so-callcd adenomas of the bronchus were 
encountered; 145 of these (89.5 per cent) were carcinoid tumors of tlie bronchus 
and will not be considered further; 13 (8.0 per cent) were adenoid cystic car¬ 
cinomas of the bronchus, and 4 (2.5 per cent) were muco-epidermoid tumors 
(Table II). 


Tadle II. Tumors op Mucous Grand Orioin 
(“Bronchial Adenoma'*) 




i PER CENT 

Carcinoid tumors 

145 

89.5 

Adenoid cystic carcinoma 

13 

8.0 

MucO'epidennoid tumors 

4 

2.5 

Total 

162 
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CLINIC IL REX lEW^ 01 C XtaEb 

Age and Sex —The agt'. ot the 13 patients with ackuoicl cystic caicinoma 
langed tioni 31 to 65 yeais, xxith an aveiage age of 45 \tais at the time ot 
tiiaguobis Si\ patients xveie men and 7 xxeie xxonien (Table III) 

The 4 patients xvnth niiieo cpidennoid tiiinors langed in age iioin 44 to 65 
jeais, axeiaging 50% jeais Thej too shotted no se\ piedilection All pa 
tieiits 111 this studx xxeie of tho Caucasian laee 

Symptoms —The axeiage diiiation ot bxmptonis ot patients with adenoid 
cystic eaieinoma xvas 3 yeais at the tunc ot diagnosis Althoiioh cough or 
wlieeze xvas the most eomnion symptom ot long duiation, usu.ill} somi iiioie 
lecent and iiigeiit sxmptom caused the patient to seek medical attention (Table 
IV) Oiilj 1 patient (Case 8) xxas dcxoid ot lespiiatory sjmptoiiis IIci ehiet 
(.omplaint xvas letciable to a metastatic adenoid cystic eaicnioma inxolving tin 
optic chiasm and the pituitaiv The piniiaiy lesion in the lung xvas found inoi 
dental to loiitino thoiacic loentgenogiaphx 

The axeiage duiation ot sjiiiptonis of patients xvith mucoepidermoid tu 
mois xvas about 3 xeais at the tunc of diagnosis All liad pniiiaiv pulmonaix 
complaints, and none had exidcnce of metastasis (Table IV) 


Txuie IV Primakv Sxmptoms 



j UlENOlI) CYSTIC CAP I 
1 CINOMA (33 CASES) 1 

MUCO EPlDLKVrOlD 
lUMORS (4 CASES) 

Cough 

32 

4 

Henioptjjsis 

8 

3 

Dyspnea 

7 

3 

Pam in thorax 

7 

3 

Wheeze 

9 

4 

Chills 'ind fever 

b 

4 

Loss of Weight 

Symptoms referable to ccntril 

8 

3 

nervous system 

1 

0 


The syniptoms ol both gioups of patients xveie mainly those of bioiichial 
nutation, 01 bronchial obstiiiction and piieiunonitis It xvas apparent that pa 
tieiits xvith niiico epideimoid tuiiiois xveie iiioie often acutely ill xvith siippura 
tive complications than xveie those xvith adenoid cystic caicinoma 

Interestingly, none of the patients of cithei group had anj clubbing of 
digits although evidence of chionic pidmonaiy suppuiation xvas apparent 
None complained of aithiitis, hoaiseness, or symptoms of vasomotoi instability 
suggestive of a functioning tumor 

Roenigenograpluc Appearance —Koentgenogi aphic exnnination of tlie 
thons xvas of eoiisideiable importance in the study of these patients The 
oiigina! roontgenogiams of appiosimatclx halt of the patients xveie axailable 
for lexiexv those for 7 of the patients xxith adenoid cystic eaioiiiomi and for 
3 of those xvith muco-epidennoid tumois of the bioiichiis Tlie deseiiptixe le 
poits of the loentgenologists onlv xxeie available foi the leiiniiinig 8 natients 
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The thoracic roentgenograms of 2 of the 13 patients with adenoid cystic 
carcinoma of the bronchns showed no abnormality at the time of diagnosis. 
The roentgenograms of 7 of the remaming 11 patients showed lobar collapse 
(Fig. 2, a), and those of 4, massive collapse of one entire lung similar to that 
seen in Pig. 2, h. In 3 of the patients with evidence of lobar collapse, a mass 
was also demonstrable roentg■enog■raphieall 3 ^ 

The thoracic roentgenograms of all 4 of the patients with muco-epidermoid 
tumors showed abnormalities, and all manifested collapse of one entire lung 
(Fig. 2, h). 

None of the thoracic roentgenograms taken at the time of diagnosis showed 
signs of cavitation, pleiu'al fluid, obstructive emphysema, or involvement of 
bone. Furthermore, none of tlie roentgenograms studied presented signs suf¬ 
ficiently distinctive that one type of tumor could be differentiated from the 
other or from some other processes causing bronchial obstruction. 



Fig-. 2.—Tlioracic roentgenograms a. Patient (Case 12) with adenoid cystic carcinoma 
showing collapse of left lower lobe of the lung, b. Patient (Case 14) with a muco-epidermoid 
tumor of the right main bronchus producing massive collapse of one entire lungr. 


Bronclioscopic Appearance .—Bronchoscopic examination had been per¬ 
formed on all of the patients in this study. All of the tumors arose from either 
a primary or secondary bronchus, and all but one could be seen at the time 
of bronchoscopic examination. Endoscopic biopsy was the chief means of estab- 
li.shing the histologic diagnosis, and adequate specimens were obtained for 
diagnosis from all tumors that could be visualized. Thus, the diagnosis was 
made for all 13 patients ivith adenoid cystic carcinoma by this means and for 
3 of the 4 patients with muco-epidermoid tumors. The only patient in whom 
the tumor could be neither seen nor biopsied was a patient with an extra- 
bronchial muco-epidermoid tumor which produced bronchial obstruction by 
external compression (Case 15). 
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Tlaeli type of tumoi had a distincti\c endoscopic appcaiauce The adenoid 
ejstie caicmoinas ol the Inoiiehiis piebciited as jiolypoid mfiltiatiie tuniois that 
paitiallj 01 completely obstiiicted a bionchus Often tlie tumoi Mas covtied 
with iMciotio mateiial and bled easily on manipulation Grossly, thej^ had the 
goneial apptaianee of bionehogeiue caicnioma Four of the Id patients with 
adenoid cystic caicnioma showed signs of gloss caiiiial oi fiaeheal iiuohement 
at the time ot the initial endoscopic esamiiiation 

The usual bionehoscopic desciiptioii of muco epideimoid tumois was that 
of a laige polyxioid cndobioiiehial in.iss that tomiiletely obstiucted a piimaii 
bionchus, piesentcd a smooth clean suilace, and did not leadily bleed on 
manipidation None ot these tumois piesentcd signs oi infiltiation oi tiachcal 
iniohement The single tumoi that could not bo visualized had caiisid bion 
dual ohstiuction that appealed cndoscopically to be due to extenial com 
picssiou 

Fiidence ot bionclual infection w is inesoiit in all of the patients at the 
time ot initial es.immation, but it was most maiked in those with muco 
epideimoid tumoi-s All T of these patients woie dosciibed as hasiiig copious 
amounts of pus flowing fiom the legioii distal to the tumoi, wheieas only 1 
of the patients with adenoid cystic caicnioma had such massive diainago at the 
time of initial bionehoscopic examination 

Cytologic Studioi ,—Cytologic studies woie earned out on the sputum oi 
bionehial seeietion oi both of 4 patients Two of these weio patients with 
adenoid cystic cucinoma, and malignant cells weic identified in the bionehial 
smeais oi seeietions fiom each In 1 of these 2 patients, dumps of cells were 
identified which wcie suggestive of adenoid cystic caicmoma 

Cytologic studies on the 2 patients with muto epideimoid tumois ol the 
bionchus did not lev cal any abiioiiinl cells 

STUDY or THE fiKOSS VXD MICROSCOPIC PVTHOLOGX 

Iiifoiiiiatioii legaiding the gioss ai>peaiance and extent of spiead of these 
tumois which wiU be piesentcd in this poition of the papei was obtaineel tiom 
a lev lew of gioss suigical specimens available, the desciiptive opeiative icpoits 
of suigeons in these eases, and fiom a levievv of pathologic data and mateiial 
obtained at the tune of neeiopsy Although nncioscopic sections weio available 
in all 17 cases in this study, and vveie levievved, additional sections weio obtained 
loi inicioscopic study when the gioss specimens vveie available in oidei to 
document the diaiacteiistics of these tumois tiiithei We shall present heie 
only the details conceiiiing these additional nncioscopic studies Fiiidings with 
ipgard to extension of the lesion at time of tieatmeiit aie given in Table III 
They weie denied trom all soiiiccs then available and aie moie inclusive than 
those we shall now piesent 

Adenoid Cystic Caicmoma —^In 7 of the 13 eases of adenoid cystic car¬ 
cinoma, the gloss specimen of lung containing the piimaiy tumoi was available 
for levievv Six vveie suigieal specimens and one was obtained at postmoitem 
examination 
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The distribution and area of gross involvement of the tumor found in these 
seven specimens of lung is schematically illustrated in Fig. 3, a. All of these 
tumors involved major bronchi, and none presented as a peripheral pulmonary 
lesion. The tj'pical gross appearance of the adenoid cystic carcinomas was that 
of an infiltrating malignant lesion (Fig. 4). The endobronchial surface of these 

CYLINDROMA (adenoid cystic carcinoma) 


« 


MUCOEPIDERMOID TUMOR 


b. 


Fig j_ft Outline of tumor m\oUement in beven bpecimena of lun^s, fiom patients with ade¬ 

noid cystic carcinoma h. Location and gross form of four muco-epidermoid tumors 

tumors was nodular and polypoid and involved the bronchial wall in a tubular 
fa.shion. Over the ulcerating endobronchial surface, the tumors were covered 
with necrotic material. The walls of major bronchi were thickened and in¬ 
durated. Two of the seven specimens showed gross involvement of the tracheo¬ 
bronchial junction. Pulmonary parenchymal involvement was not unusual, 
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and when it ocourred, small bionchi appeared as cylinders filled with in¬ 
spissated secretions passing thiough a dense mass of tumor. Occasionally 
peribronchial lymph nodes weic included in the tumor and showed gloss 
involvement. In one of the .seven .speeiinens, tumor ivas evident on gross 
inspection in a large pulmonary vein. It was apparent from the operative 
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Flff. 4—Specitttcns ct lung tcom 3 patfenCs itWi <i<?eno/i? cjstfc carcinoma a, Xodulir 
and pobpoid mflltr?itl\o tumor in upht Io\\er lobe bronchus (Case 7) b. Peribronchial thick- 
onmer an/1 cannil Iniohciiicnt h\ tumor (Caso 12). 



“•J-i "*» ’ ^ ** " 



Hg 'j—Extensixe invol\einent of remaining lune 6 jeari* after il«ht mliMIe and lower lobec¬ 
tomies for adenoid cystic carcinoma (cylintlroma) (Caso 11) 
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Fig. G.—Adenoid cystic carcinoma, a. Mucosal extension at peripliery 9 f tumor. Note 
typical Swiss cheese pattern (hematoxylin and eosin; xlOO). 6. Peiineural invasion (hema¬ 
toxylin and eosin; x-'iOO). c, Involvement of adventitia of larite blood vessel (hematoxylin 
and eosin; XoO). d. Metastatic lesion in lymph nodes (hemato.xylin and eosin; xS5). 
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reports or data obtained at the time of necropsy tluit four of the seven tumors 
showed gross involvement of mediastinal nodes, pericardium, or osopliagus. 

In addition to the six gross specimens of lung, material was available from 
necropsy on 2 patients treated by surgical resection. One (Case 7) who had died 
10 months after pneumonectomy showed no evidence of residual tumor. The 
other (Case 11) had died 8 years after riglit middle and lower lobectomies, 
perfoi-med elsewhere. At tlie time of examination at the Mayo Clinic, e.\teusive 
bilateral thoracic and hepatic involvement was apparent (Fig. 5) with jaundice 
and ascites. At necropsy, in addition to the thoracic involvement, extensive 
metastasis to the liver and peritoneum was found. 

-Microscopically, all of these lc.sions had the typical hi.stologic features of 
adenoid cystic carcinoma. At the margins of the gross tumor there was e.\tensi\e 
subepithelial infiltration of the mucosa (Pig. 6, n). In addition they all showed 
deep penetration and peribronchial extension with destruction of bronchial 
eartilage.s and invasion of neural elements (Fig. 6, b). Although tumor invasion 



Fig’ 7—Two inuco-epitlermoid tumois a, Pootmoitoin specimen, right main bronchus viewed 
postciiorly (Cafee 14). l>, Suiglcal specimen removed at pneumonectomy (Case 16) 


of a vein was noted giossly in one specimen, none of the otlier six showed 
microscopic evidence of inti avascular penetration, although all showed 
in\olvemeiit of the adventitia and media of large blood vessels (Fig. G, c). 
Peribronchial lymph nodes were involved by direct extension in four of the seven 
specimens and, in a fifth, embolic bi-oneliial lymphatic metastasis had occurred 
(Fig (), d). 

Five of the seven .specimens of lung did not show gross involvement of the 
tracheobronchial junction, hut on microscopic examination, traclieal extension 
was apparent in three. Thus, of the seven specimens of lung only two wore free 
of tracheal extension. 
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Fiff H — Muco-cpulftriioiil tu/iioi Oifniatoxjlin ami ioi,in) a. Two lints of differcntiatjon 
sliouM bf noted txiOO; b, Stltatd a:ia with sliKlitly less jnoductlon of mucus fx’lOO). 
11 Another tiiniot sliowintf ittuinly sf|u*unous /ilffoicnthtllon (XlOO) d. Same lesion as o snow- 
inf,' intoKcdlular bildycs in squamous uortion (yl,7UO}. fTbis illustration has been reduced 
’/lO ) 



Vol 38. No 6 
JJeccmbcr, 193*) 


CYLlNDIiOMA AND MUCO-EPIDERMOID TUMORS 


721 


or I'urtlier interest was the tiiiding that the metastatic lesions of adenoid 
cystic carcinoma letain tiie tyj)ic.il liistologic featnres of tiie primary tumor. 

Muco-eiiUlcrmoid Txtmors .—In 2 of the 4 patients with nuieo-epidernioid 
tunior.s of the bronchus, surgical reports and surgically removed gross specimens 
of lung were available and data concerning the other 2 were olitained at the 
time of necropsy. 

The distribution and gross form of these four tumors is illustrated in 
Pig. 3, h. The muco-epidermoid tumor in each of 3 cases appeared on gross 
inspection us a pedunculated polypoid endobronchial mass that completely 
oceluded the bronchial lumen (Fig. 7). These tumors were covered with intact 
bronchial epithelium. As said before, the fourth muco-epidermoid tumor was 
situated e-vti-abroncbially and produced bronchial obstruction by e.xtrinsic 
compression of the bronchus. None of the four muco-epidermoid tumors showed 
gross evidejiee of nodal extension or distant metastatic invasion. 



Fis: 9—Suppurative pulmonary complications, a. Lung of patient ^\lth inuco-epidermoid 
tumor showing cxtcnsi\t, bionchiectasis and multiple pulmonary abscesses (Case 14). b, Re¬ 
sected lung of patient i\ith atlonoul cystic c>iicinoma showing laigc ab''cess m loft lower lobe 
(Case 6). 

Jlicroscopie section showed tlicse tmnois to l)e covered witli metaplastie sipia- 
mous bronchial epithelium (Fig. S). Sections throngli the site of attacinnent of 
endobronchial tumors to the bronchial wall showed extension of the tumor out¬ 
ward between, but not beyond, the bronchial cartilages with minimal infiltration 
at the edges in two of the three. The third endobroncliial tumor e.Ktended to 
the bronchial cartilages, but not between or beyond. Tlie ext rabronchial muco¬ 
epidermoid tumor oil microseopic examinatiou was iutimatcl.v associated witli 
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deep bvouchud glands. It did not eneroaeli on cartilages nor did it have signs 
ot infiltration about its niiu'gins. None of the four muco-epidermoid tumors 
showed destruction of cartilage or involvemejit of nerves, lympli nodc.s, blood 
vessels, trachea, mediastinal structures, or distant organs. ’ ’ 

Pathologic Evidence for Puhnonunj Suppuration .—The lungs of patients 
u’ith adenoid cystic carcinoma and inueo-epiderinoid tumors showed the sequelae 
of broucliial obstruction. Bronchiectasis and obstructive pneumonitis rvere 
present in all specimens. In addition, four of the seven lungs of patients with 
adenoid cjstic carcinoma and all loin" ot tho.se with inuco-epidorinoid tumors 
showed multiple abscess formation and extensive destruction of pulmonary tissue 
(Fig. 9). In one specimen pulmonary suppuration had progressed to the for¬ 
mation of bronchopleural fistula and chronic empyema (Case 15). 


THE.vrMKNT .VXD PUOC.XOSIS 

In Studying the prognosis in eases of adenoid cystic carcinoma ajid muco¬ 
epidermoid tumors of the bronehu.s, each group was divided into two subgroups, 
tho.se izi which treatment was surgical (pneumonectomy or lobectomy) and those 
in w'hich treatment was more conservative (endoscopic surgical diathenny, 
z’adium, or roentgen ray). 

Follow-up data in the form of one of the following was available during 
1958 on all of the patiozits in this study: (1) recent examination at the Hlayo 
Clinic, (2) reply to follow-up letters with accompanyijig recent thoracic roent¬ 
genogram, or (3) report of death. No patient was lost to follow-up. 

Of the 13 patients who had primary adenoid cystic carcinoma, 7 underwent 
pulmonarj* resection. Six had pneumonectomy and 1 had right jziidtlle and lower 
lobectomies (Table Y). The other 6 wmre treated conservatively because of the 


T.vble V. Eesucts of Tkeatment of Cvlixdrom.v (Adenoid Cystic CAKOiNOii.v) and 

ilUCO-ECIDEKMOlD TUMOKS 





AVERAGE 


TO’r.VO 

RESULT 

SURVIVAL 

TUJIOa AND TRE.\T.MENT 

I’ATIENTS 

ALIVE ! DE.VD 

(YaVRS) 


Adenoid cystic cnrcinoina 
Resection. I 

Gouservativo d 

JIuco-epidermoid tumors 
Resection 

Coiiservativo 2 


4 3 4.S 

0 6 2.S 

0 9.0 

0 2 2.0 


extent of their disease. The extent of the lesion of I patient did not permit 
resection at the tune of surgical exploration; 4 had tracheal extension at the time 
of bronchoscopy and 1 bad metastasis to the central nervous system at the time 

of diagnosis. 

The survival of patients with adenoid cystic carcinoma following various 
forms of treatment is summarized in Table V. At the time of the follow-up 
study 4 of the 7 patients surgically treated Avere alive and well 1 to 13 years after 
treatment. The average duration of survival for this group was 5._, years. 
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Tluce ot the 7 patientb ticated by suigical iLstction mcio iIl.uI -Hitliin 1 to S 
^eaih The aveiago duiatioii ot suiinal toi tlit 3 dead patients iias 4 3 \eais 
tollowmg tieatment 

None ot the C patients ticated eoiiscnativelj toi adenoid cistic caicinonia 
o£ the bioncluis was alive at the time ot toUowiip The dm ition ot siiiiii il oi 
these patients langed flora 1 week to 11 teais following initial tieatment 

The aveiage duration ot siiirival foi all patients both those liring at tiiiie 
of follow up and those dead, who had been tieated b\ icscetion toi adenoid 
cystic taicmonia of the bionchus, was 4 8 yeais The avci ige sunnal toi all 
ot those iccciving conseivative tieatment was 2 8 yeais 

Two ot the 4 patients with muco epideimoid tiimois of the bioiichiis w(ie 
ticated surgicalh, and 2 conscivatnely (Table V) Both patients tinted 
suigieally had piieumoneetomies and both wcie Ining and well 8 and 10 riais 
following tieatment Neithci of the 2 patients tieatcd coiiseiratiyeh w is ili\< 
at the tiiiio of follow up One died 2 weeks attei diagnosis and initial tieatnu nl 
the othei suiyired 4 reals Both of these patients had teehmcallv iiiopti ihh 
conditions, 1 because of acute sepsis and lespiiatoiy msufficieiicy and the othei 
htcauso ot pierioiLS bionchoplcuial fistula, empyema, and thoiacoplasty 

Coitain coiisideiations which mflucuced ultimate pioguosis and leflectcd tiu 
natuie of the tumois au woithy ot comment Sepsis and lespiiatoiy insiifti 
ciency socoiidan to bionchiat obstiuetion and piilmonaiy suppuiatioii were tlie 
niajoi causes ot death of patients tieatcd b\ consenatne means, iiiespectnc ot 
the type of tumoi 

The othei consideiatioii iiiflueiiemg ultimate piognosis yvas the lelatire 
nialigiianey of the two types of timioi In 3 of the 13 patients with adenoid 
cystic ciicinoma, widespicad metastasis dcyelopcd In only 2 of the 7 patients 
suigieally tieatcd yyas it possible to leiiioye all the tuiiioi Only 1 of the 4 
suiviving patients with adenoid cystic caicmoma yyas btlicytd to be free of 
tiinioi (C.iso G) The lemamiiig 3 had icsidual tumoi, but all yyeie in appaieiit 
excellent hcilth ,it the tune of folloyy up, 1, 2i/^, and 41/. vcais aftei icsection, 
and the thoiacic loentgeiiogiams showed no cvideiiee of disease 

Thoie yy.is no eyidence of distant siiicad in any of the patients with muco 
epideimoid tumois Although 2 showed lathei minmial local invasion of the 
bronchus none showed moie distant extension The 2 siiryiying patients yyeic 
bclieyed to have been uiied of then tumoi The taiise ot death in the 2 patients 
tieated conseiyatiyely was pulnionaiy suppuiation No eyidence ot metistasis 
yvas picseiit at iietioiisy 

COMMFXT 

Adenoid cystic caiiiiioma bcliaycs as a slowly glowing, mfiltiatnig milig 
iiant lesion, it imades adjacent stiuctuies ni continuity, eiodes caitilagnious 
tissue and penetiates iieiye stiuctuies and occasionally, blood yessels Haying 
a piolonged and insidious couisc, the adenoid cystic carcinoma iiltmntely 
metastasizes distantly Coiitian to the findings in the moie niiliginnt 
bionchagenic caicinoiins,'“ yascuHi invasion was not i significnnt featuie 
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^ and Eutei-line and Selioenl)erg,=i in an excellent review of adenoid 

cystic carcinoma of the bronchi and trachea, have confirmed the malignant 
nature of these tumors and have noted that they develop with equal frequency 
in both sites. 

Claik, Clagett, and JIcDonald-- reviewed 15 eases of primary tracheal 
cylindroma encountered at the Mayo Clinic. The cylindroma was found to be 
the second most common primary malignant lesion in the trachea and was 
chaiacterizcd by slow growth and a prolonged course before the development of 
metastasis. Ihifortunately, the results of both their study and the present one 
dealing Avith the bronchus show the inadequacies of present methods of dealing 
Avith primary tracheal tumors and the tracheal extension of bronchial tumors 
of this type. Of the 15 patients in their series aa'Iio had tracheal cylindromas, 
10 Avere dead at the time of the folloA\'-up study. The majority of deaths Avere 
in patients treated by conservative means. Four patients Avere in good health 
at the time ot 1o11oav-u]), and all had had surgical excisions of their tracheal 
tumors.-- Contrary to the conclusions of Vieta and IMaier,-^ the results of 
these .studies have not shown irradiation to be curative in any of these patients 
and have indicated that it is of (|uestionablo A'alue in palliation. 

Enterline and Schoenberg-* made a selected collective review of 30 docu¬ 
mented cases of cylindroma of the bronchus a])peai‘ing in the literature. Nine¬ 
teen patients Avere treated surgically. Sixty-three per cent A\'ere liAdng free of 
disease, 21 per cent Avere living Avith tumor, and 15 per cent had died of their 
tumor at the time of the folloAV-up .study. Of the 11 patients treated conseiwa- 
tively, 27 per cent Avere living and Avell, 27 per cent Avere living Avith tumor, 
and 45 per cent dead of tumor. Unfortunately, folloAV-up data in such studies 
are of limited value, but the figures do relied the relative merit of pulmonary 
resection in palliation. It is inconceivable in the light of the present study to 
consider conservative therapy in any Avay curative. 


Despite the poor ultimate prognosis of adenoid cystic carcinoma of the 
bronchus, pulmonary resection offers the best hope for cure and certainly the 
best chance for palliation. The bronchial obstructive .sequelae seen in this 
series resembled that dc.scribed by McBuraey and associate.s- for carcinoid 
tumors. These complications alone Avere adeciuate reason for resection even 
if involved tissue Avas knoAvingly left behind. The evidence of suppurative dis- 
ea.se Avas particularly iinpre.ssivc in the group treated conservatively. All but 
2 of these patients succumbed to the suppurative complications of the disease 
before any evidence of metastasis became apparent. Although a number of 
patients gained intermittent relief of tlieir bronchial obstruction over a period 
of yeai’s, none Avas improved beyond a state of luilmonarj'’ invalidism by con¬ 
servative treatment. On the other hand, those patients Avhose lesions could be 
resected e.xperieneed immediate improvement. All of those surviving in spite 


of residual tumor are living active, useful lives. 

We are aAvare of only 3 previous ca.ses of muco-epidermoid tumors of the 
bronchus.-'’ The available data sugge.st that these neoplasms are of relatively 
loAV-grade malignancy, and none has .spread beyond the bronchus. In tic 
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pieseiit study these tumoi-s pioduccd dlbablllt^ b\ biouclnal obstiuctiou aad 
secondaij pulinonaiv suppuiation The two tumois amenable to siugieal tieat 
ment weie completely lemoved, and the i)ioblem ot tiacbcal e\tension was not 
piesont It the patient’s condition peinutted, suigical lesection of the lung uas 
peifoimcd Local excision ol the tumoi uas not indicated in am ot oui cases 
because of the piescnee of inaikod pnlinonaiy suppuiation distal to the tumoi 

suxni Mix 

In the 32 jeais, 1927 thiough 1958, IGi malignant tumois oiigmatiiig in 
the bioiiehial mucous glands Meie encoiintcied at the Ilajo Clime One hun 
died foitj five of these ueie caienioid 1111110115 , tliiiteen Mere cylindiomas 
(adenoid cjstie caicinoiiia), and tom wcie mueo epidtimoid tunioi’s ot the 
bionduis The piesent studx is conceincd piiiiiaiily with the adenoid cystic 
caiciiioiiias and the mueo epidcinioid tiiiiiois 

The pieseiitiiig s 3 mptoiiis of all patients mcio piedoniiiiaiitlj lelated to 
bionchial obstiuctiou and pneumonitis, and loeiitgeiiogiaphie studies demon 
stiatcd some pulinoiiaiy eolla)ise in most patients ot both gioiips Bioiicho 
scopicalh, the adenoid cistic eaicinoiiia appealed as an infiltiatne malignant 
lesion, Mheiias tlie mueo opideimoid tumoi picdomiiiantli appealed as a 
pedunculated polypoid mass All invohcd majoi bioiichi 

Pathologic data coiieeiiiing the adenoid cistie caieiiioiiias coiifiimed tin. 
bioiichoscopio appeaiaiice as that of an infiltiativo mabgnaiit lesion These 
tumois Mcie extensivelj invasive of peiibionehial stnictures and often showed 
tiaohoal extension and mediastinal imolvemcnt Tliat these tumois are capable 
of widespiead metastasis was deinonstiated 111 a numbei of patients 

Similail} the pathologic data on the mueo epideimold tumois paialloled 
then bronehoscopie appeaiaiice Thiee weie pedunculated poljpoid endobion 
dual tiimore and one piodueed bionchial obstiuctiou bj external compiession 
Tmo of the tiimoi’s shoned some signs of local invasu encss, but none showed 
metastasis 01 extension bexond the point of bionchial attachment Bronchial 
obsti-uctioii distal to the tumoi fiequently led to seveie mfiammatoiy sequelae 
legaidless of the iiatuie 01 tlie prnnaiv tumoi Otten these suppiiiative com 
plications weie cxtieme 

Pneumonectomy was the only form of treatment that Mas piesiiiiiablj' ciiia 
ti\e in patients witli either type of tumoi In contiast to patients with mueo 
epidermoid tumois, only a fexv patients Mitli adenoid cj'Stie caieiiioma had 
lesions that mcio potentially euiable Bxcellent palliation was iiossible Mhen 
siugical resection was done 111 spite ot the peisisteiieo of lesidiial tumoi All 
patients 111 both gioups xvho Meie treated bj eonseivative means (tiidoseopie 
suigical diathermj^ ladiiim, 01 loentgcn tlierapj) died Host of them died of 
the suppiiiative complications of then disease 
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An Aggressive Surgical Attitude 
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iNritouuciioN 

T he suiwiFon who lecommcnds a thoiacotoiiiv toi bionohogcmc caiLinoma 
implies that the distaso e.ui ht eiiicd l)\ itscetioii IIowovci, the leceiit 
iiiedieal littialmo itpoits tliat in about 40 pei cent oi opeiattd casts icscctioii 
could not 01 should not be peiCoimcd This discitpaiici between intent and 
aecoinphshniont—tiagio to the patient—piesents a chnlleiigL to suigical skill 
and judgnieiit Consctiueiitlj, in the last 10 jcais we base giadualh extended 
oui tcchnieal effoits to pcitoim leseetion in inoic and nioie fai adianced eases 
The justification toi this suigical attitude was based not oiilj upon inodein 
technical advances but. also, upon the taioiable biologic beluvioi of the lesion 
which peimitted estensuc giowth localh, set without detectable sjsteiiiic 
disseiiiniation Somewhat to oui suipiise, the inoibiditj and iiioitalitv latcs 
lemained aeceptabh low and, as a lesult ol oui dcteiniiiied effoit to incicasc 
the lesectability late, a tew additional patients appeal to be cuied ind nnnj 
lives pioloiiged 

DE^INlTIO^s, CLessii 1CVTiox, vnn desckiphon oi optavTiONS 

The suigical aspects of the liteiatuie on bionchogenic caicinoma aio otten 
difficult to evaluate because of ambiguous teiiiiinology Vanous authois 
have used such teinis as “opeiable,” “lesectable,” “ladieal lesection,” “pal 
liative ” 'cuiative,” etc, in difleient contexts 

The teiin ‘ icseetion,” by definition, means the iciiioval ot a coiisidciablc 
portion ol an oigan, in contiast to lemoial ot an entile oigan Ilowceti, 
this tciin IS in populai usage in both contexts, and in this icpoit it is used 
to denote icinoval of a poition ot a lung, an cntiie lung, and an\ otiici stiiic 
tUKS included in the suigical specimen 

Read at the Thntj n nth \nniial Mn,Ung of The American IbsocJntlon foi Tlioiiclc 
Surgery at Los Vngeks Calif Apiil 21 -J 
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We recommend the use of the following- 
gories. 


terms in defining operative eate- 


1. Standard resection. 

2. Extended resection. 

3. Noneurative I'csection. 

4. Palliative resection. 

5. Explored only. 

These operations are defined in more detail below. 

1. flic Stunduicl Rcscctiou. —^Patient.s in this categor 3 ’’ were considered 
at opeiation to be potcntuilhj ciwecl and the surgical specimen consisted onlj’ 
of pulmonaiy structures, parietal pleura when adherent, and mediastinal 
Ij’^mphatic tissue. Bronchoplastic procedures and resections of the tracheal 
Carina were the onlj* exceptions to these criteria and were not included in 
this eategoiy. 

Mediastinal Ijunpli node dissection was usuall.v performed in the standard 
resection but not of the en bloc tj'pe. We arbitrarih’- divided this maneuver 
into upper and lower mediastinal dissections. The lower dissection was most 
often performed, and consisted of the removal of the lymph nodes inferior 
to the azj’gos vein on the right .side and to the aortic arch on the left. It in¬ 
cluded periaortic, periesophageal, subearinal, distal retrotraehcal, and peri¬ 
bronchial nodes froin the opposite main-stem bronchus. The upper dissection 
was of the mediastinal l^'iuph nodes along the trachea and superior vena cava; 
these were removed whenever there was .suspicion that they were involved 
and whenever the primaiy tumor was adjacent. 

2. 'The “Extended Bcsection .’’—Patients in this category were also con¬ 
sidered at operation to be potenticdly cured. Complete resection in these cases 
reciuired removal of extrapleural structures invaded ly carcinoma. The 
surgical specimens therefore included various combinations of pulmonary 
structures, portions of trachea, pericardium, atrium, intrapericardial vessels, 
chest wall, diaphragm, and esophagus. A mediastinal Ijunpli node dissection, 
as desci’ibed above luider “standard re.section,” was done routinely when 
the “extended” procedure was carried into the mediastinum. Bronchoplastic 
procedures and partial resections of the trachea were included in this category. 

3. The “Noncurative Eesection.’’—Patients in this category were con¬ 
sidered to be poteiiticdhj curable preoperativehj, had resection, but at operation 
were found to have additional inaccessible carcinoma. Frequently, this ob- 
seiwation could be made onl,v after removal of the major specimen. Howevei, 
.sometimes the observation of surgical incurability could be made immediately 
upon opening the hemithorax, yet removal of the major lesion was considered 
justifiable to avert secondary complications such as obstructive pneumonitis, 
abscess, obstructive emphysema, pain, and hemorrhage. Furthermore, it was 
considered advantageous to remove the major lesion so that radiation therapy 
could be confined to the mediastinal contents and thus avoid radiation com¬ 
plications in the residual lung. 
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The “iioneuiatne leseetioii” gioup was subdivided into the “staiidaid” 
and “extended” pioeeduieb toi the puiposc ot compiling opeiativo ccinph 
cations and moitalitj' lates However, it seemed illogical to subduide this 
gionp foi the assessment ot sunnal statistics, since none of the patients was 
consideiod to bo potentially cuied at opciatioii 

d I’he “PalliatxVR Haechon ’’ —Patients in tins categoij neie knoiin 
to be xnciiiuhh pnor to thoiacotomy because of leiiiote metastases, plcnial et 
tusion containing malignant cells, contialateial pnlmonaii metastases, oi otliei 
nneiiuivoe.d ciitetia ot niciuability Resections neie peitoimcd in tins gioup 
not to ticat bioneliogeine eaieinoma per sc, but to jialliate simptoms such is 
nitiactable cough, pain, hemoiihage, and niieontiollable intection that iicu 
sccondaiy to the piesence ot the c.nciiioiiia 

AVe leasoned that the “nonciuative” icsections should not be included 
in the “palliative” eategoiy, since niaiij ot these patients did not have svmp 
toms leiiuiiing iiiimcdiato palliation, .ind, tnitheimoic, thoi woio considciid to 
be potentially cuiable pieopeiatiicly in coiitiast to the palliative gioup as 
defined 

5 IVie “Expiated Only” Cateyoiy —P.itients included in this categoiv 
weie also consideiod to bo potentially cuiahlo pieopciatively Ilowevoi, le 
section lias not done m this gioup eithci because the findings iveie such tliat 
an eaily fatal outoomo could be piedicted boiore sccoudaii local coniplica 
tions developed, oi because the vvidcspicad dLssomination of eaioinoiiia ])ie 
eluded effective ladiatioii tlieiapy (diffuse plcnial implants) 

This lepoit coiieeiiis 248 thoiacotomics that aie gionped accoidiiig to the 
above opeiativo categoiies The opeiations peifoimed and then lelativo 
fieiiiieiicics aie lecoided ni Table I 


Table I Opekative Categories (248 Cases) 


T\PE OIERATIOV 

1 NUMBER 1 

lER CENT 

Standard resection 

120 

48 4 

Extended resection 

33 

13 3 

Noncuratiie resection 

32 

12 D 

PaUntue resection 

6 

34 

Explored onlj 

57 

23 0 

Totals 

238 

100 0 


lER cent 
RESECTEU 


PEI. Cl NT 
lOrSNTI VEIN 
CORVTIII 


01 7 


CASE VIVIERIVL, 

The 248 eases ot bioiichogeiiie eaiciiioma included in tins lepoit vveie 
piivate patients of the scnioi authoi (J M C ) and in each mstanee he was 
the opeiatiiig suigeoii All patients who had a tlioiaeotoiin foi tins disease 
luimg the yeais 1949 1958 aie included, except foi 3 oi 4 eases in wliieli 
theie was no tissue diagnosis Dining this 9 vcai peiiod appioximateh twice 
tins numbci of thoiacotomics for bioiichogeinc eaicmoma was pcitoimed, eithei 
1 1 the stnioi autlioi in a consulting capacitj or bj iisident or attending 
Niiigioiis whom he assisted These eases wcie excluded to avoid iinpiedietable 
\ iiiables 1 elated to teelmique 
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_ TJie positive tissue diagnosis in cadi ease was obtained by bvondiosconic 
biopsv, Uioracotoiny biopsy, or by resection of the lesion. The liistolo<dc diao 
nos,s was basod upon tbo most ptedo.uh.ant coll typo. The n-pos “pd tot 





Fifj. 2.—^Resection of the tracheal carina and the lateral tracheal wall, with primary closure. 

relative frequencies were epidermoid carcinoma (5d per cent), adenocarcinoma 
(16 per cent), anaplastic carcinoma (24 per cent), and bronchiolar carcinoma 
(6 per cent). The latter group was included in this report .since the bronehio- 
lar oi-igin is generally accepted by patliologists and since the criteria for opera¬ 
tion were the same as those in the other histologic categories. 

The sex incidence of bronchogenic carcinoma in this series was 222 in the 
male and 26 in the female, a ratio of 8.5:1. There was a relative preponderance 
of adenocarcinoma and bronchiolar carcinoma in the female. The mean age 
for males in this series was 57 and for females 51 years. 
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THE EXTENDED OPERATION 

To encompass both the visible and palpable limits o£ the lesion it was 
necessary in some casus to perform an extended operative procedure Ijy le- 
secting the pericardium, atrial wall (Fig. 1) and, occasionally, it necessary. 




Fiff J—.,1. TUq superior \c'na c.iva, ami the asctintlfng aorta aro jctracted to pennlt 
proximal ligation of the right main pulmonary arteiy n. Partial occlusion of tho pulmonaxy 
trunk to permit amputation of tho left main pulmonaiy artery at its» oiifjin. 




Pig l—Sleeve loscction of Uie mam bronchus in continuity with upper lobectomy. Anas¬ 
tomosis of the mam and Inteimediate bronchi is shown pie&erving essential pulmonaiy func¬ 
tion 


the tracheal oarina (Fig. 2) If the pulmonary artery was involved it was 
nucpssaiy to divide it at its origin (Pig. 3). In a iuw instances when tho 
respiratoiy reserve was ciitieally low, a sleeve resection of the main bronchus 
was included with the upper lobe. The intermediate bronchus then was 
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anastomosed to the stump of the main bronchus in order to preserve pulmo¬ 
nary function (Fig. 4). On oeea.sion we have found it ncce.ssaiy to include 
nith the specimen a portion of the chest wall or tlie superior vena cava, and 
otiieis nho have reported on this subject have resected a portion of the dia¬ 
phragm, a branch of the brachial plexus, sliort segments of the superior 
vena cava, the pulmonary artery, aiul even the aorta. We believe that all 
such maiicuvez's .should be included in the armamentarium of the modern 
thoracic surgeon. 

As a rule, we did not recommend thoracotomy for patients who had distant 
metastases, superior vena eaval obstruction, involvement of the brachial plexus, 
loft recurrent nerve paralysis, obvious cardiac failure, respiratory insufficiency, 
and unconti'ollablc extrathoracic systemic disease, such as nephritis and cirrhosis. 
However, the jjresence of bloody pleural effusion without malignant cells, 
paralysis of the phrenic nerve, or history of a proved coronaiy occlusion was 
not, in our opinion, an absolute contraindication to an exploratory thoracotomy. 
Such cases required individualization. 


ouEu.vrivE MOiinirn'i'Y 

The complete morbidity of a surgical procedure is sometimes difficult to 
assess, for it depends not only on the effect of trauma intlictcd on the body 
but also on a subjective response, in the mind of the patient. The latter factor 
is intangible, but is common to every operation. We believe, therefore, that 
the mean duration of hospital stay azid the incidence of major complications 
give as reliable an indication as can rea.sonably be obtained of any trend in 
morbidity that the "extended” operation might produce. Table n shows 
that the mean duration of postoperative hospital stay was not increased 
significantly by extending the operation. 


T.VUI.E II. Bkoxciiogenic C.vitrixoM.v 
Rosa'orEUATiVE Days in lIosinTM. 


12.5 

14.1 
15.4 

14.2 


E-Xplored only 
“ Stiuidanl ” rchcctiou 
‘ ‘ Extended ’ ’ re.^eetion 
Ralliivtivc resection 


iilajor operative complications encountered in this series of 248 cases, 
inclnding the 23 which were fatal, arc avrattged in Table HI according to the 
tv})e of operation. Tliere were hvc bronchopleural fistulas, thice following 
light pneumonectomy and two following left upper lobectomy. Two of these 
re.sponded to conservative nianagcment and‘two required thoracoplasty. The 
fifth was fatal. Nonfatal empyema wdthout demonstrable bronchial fistula 
occurred twice, and in only 1 case wm.s thoi-acoplasty rwpiired. Two additional 
cases were fatal. One wmund infection oeciirred in the entire series (0.4 per 
cent). Postoperative hemorrhage tliat required re-exploration for its control 
occurred three times. Fatal hemorrhage at operation occurred once. Only 
2 patients had a postoperative myocardial infarction, I is still living years 
after an '‘extended” pneumonectomy that included pericardium involved 
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by caieinoma, and the othei iiatient died The additional coinplieatioiis tliat 
ooemied m thib f>enes weie fatal These aic debeiihed in the seetion on 
opi 1 line inoitaliti 


TaULF HI OlFlVTlM COMIIICSTIONS 



tOMlIIChTION 

1 T\P1- Oil OPFPVTION* 1 

I itllM 

1 (-J48) 

ST\.NUVKI> 1 
(U2) 1 

t\afcM)H» 1 

(43) 1 

LNllOllll 1 

(57) 1 

{ 

ilUr irfist 

1 

0 

0 

1 

11 1 

1 itifui of tliQ htirt 

0 

1 

0 

1 

H 

1 rl 

_> 

2 

0 

4 

U 

U uiil fistul V 

5 

0 

0 

) 

1 1 

II ( 

2 

o 

0 

4 

W 

1 tit otion 

0 

1 

0 

1 

1 

1 j n umom i 

1 

1 

0 

2 


ir itory fmlurc 

5 

1 

> 

S 

! 

\ «mbolua 

1 

o 

0 

i 

M 

tl uiiaritioii 

1 

1 

0 

2 

M 


1 

o 

0 

3 

t 


10 

13 

) 

34 

1 


13 4 

30 2 

J 5 

117 


UcAtlou la, paUlallvc group (C 


II 1 ne fiequeiiov of complications in the “slaiidaid" and ‘ e\ 

1 1 ojK tioiis IS also demoiistiatcd in Table III The nuiiiheis ot lacli 
ni| 111 ition weie too small to cschide foiduitoiis octuiiences, howevii, no 
Irmning incidence was noted iii the ‘‘extended ’ gioup The coiiipliea 
1 iti for the “extended” opeiations was 30 2 pei cent compaied with 13 4 
I lint foi the “standaid” opeiations No complieation oecuued among 
tl ii lascs of “palliatiio lesection ” Two tatal complications oeeiiiud among 
til iT cxploicd eases (3 5 pev eeiitl The o\ei all eomplication late toi the 
’4', cases 111 this icport thcieloic was 13 7 pei cent 


OPtn \T111 XIORT \L1TX 


'peidtnc death in tins lepoit is defined as death oceuiiing fioiii am 
I duiiiig opeiation or while still m the hospital postopeiatnch 

J ispital deaths luinibeied 23 among the 248 opei.itioiis, a total inoitaliti 
late ot 9 3 pei cent Table IV lists the causes of death and tlie uspettm 
nniidits lates accoiding to the type of opciatioii Tliice deaths occuiicd 
1 mil peration, one due to heiniation of the licait aftei paitial peiicaidite 
I hie to exsaiiguuiatioii that occiiiied when hiiig ictiaetion aiulsed 

,i I I ) iiiipnsed tlie light atiial wall, and the thud was due to caidiac 


111 

Onl 


, (liopl il fistula complicated by pneumonia caused death in 1 case 
I a 1i'd ’ left iippei lohcctoim Two patients died alter a 

I,,] ris with empjema, eoraplicated be septicemia in 1 ease and 
ihci In 1-1 olitis 

idit deaths ittiibiited to eaidiac oi lespiratorj iiisufficienej 

. had an “extended” opeiation BioiHliopiieunionia 
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follo^Ying pueumoneeloiny was ratal to 2 patients, 1 in eacli of the resected 
categories. Three patients died froin pulmonary embolus, 2 of wliom liad 
“extended” surgery. Fatal myocardial infarction, 5 days after a ‘‘standard” 
piieiunoneetomy, occurred once. 


Table IV. Operative ilouxAUTY 


1 TYPE OP OPER.VTION* 

TOTAL 

(24S) 

C.VUSES OF DEATH 

STANDARD 

(142) 

EXTENDED 

(43) 

EXPLORED 

(57) 

Ileniiiitiou of tlio heart 


1 

0 

1 

Cardiac arrest 

J 

0 

0 

1 

Exsanguiiiation 

0 

1 

0 

1 

Bronchopleural fistula 

1 


0 

1 

Empyema 

O 


0 

2 

Cardiorespiratory failure 

5 

1 

2 

8 

Broueliopueumonia 

1 

1 

0 

2 

Pulmouarv emliolus 

1 

2 

0 

3 

liletastases 

1 

o 

0 

3 

Myocardial iafaretion 

1 

0 

0 

1 

Totals 

Per coat 

13 

9.1 

.8 

18.6 

2 

3.5 

23 

9.3 


*Xo mortality in palliiitivo grroup (C casos). 


Di.stant metastases became evident postoperatively in 3 cases. In 1 of 
these, the bowel ruptured at the site of serosal implantation and death was 
caused by peritonitis. Carcinomatosis was fatal 1 month postoperatively for 

1 patient and metastases became evident in the brain of another and caused 
death after 6 weeks. 

The relative occurrence of ho.spital deaths in the “standard,” the “ex¬ 
tended,” and the ‘‘explored” categories is listed in Table IV. Thirteen 
deaths among the 142 “standard” resections represented a mortality rate 
of 9.1 per cent, whereas the S deaths among the 43 patients having “extended” 
resections represented a mortality rate of 18.G per cent. These deaths, plus the 

2 among tlie 57 explored cases (3.5 per cent), comprise a total mortality of 
9.3 per cent for the 248 operations. No hospital deaths occurred among the 
6 incurable patients whose operations were performed only for palliation of 
symptoms. 

The first five causes of death listed in Table IV were considered to be 
directly attributable to the type of operation performed. Table V lists opera¬ 
tive deaths due to surgical tcchniciue and other causes for each type of operation. 
This will be referred to in the final di.seussion. 


OPER.MTOX 


Standard resection (142) 
Extended resection (43) 
Expl ored only (57) _ 

Totals* (248) ' 


Table V. Oi’ekative Mortality 


surgical 

TECHNIQUE 
(PER CENT) 


2.1 

4.(5 

0.0 


2.0 


*Xo mortality in palliative group (G cases). 


OTHER 
CAUSES 
(PER CENT) 


7.0 

14.0 

3.5 


7.3 


TOTAL 
(PER CENT) 


9.1 

18.6 

3.0 


9.3 
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sumivvL 

JiLst ds the toUl opeiatuc iiioibidit 3 oi; diu suigitdl piocediue is iiieoiii 
pletelj' assessed fioni a statistical aspect alone, so aie siuenal statistics tollon 
ing tlioiacotonij' loi bioiichogenie caiciiioma oiilj a paitial indieation of its 
o\ci all nieiit Those patients whose eaicinomas weie amenable to potcntialh 
dilative lesection and who suivived without ladiation theiapv toi at least 
3 leais with no leeuiienec, piobabl 3 ' suivised as a lesult ol the opeiation 
These cases aie the iiltiniate leward ot a suigeon’s effoits, and slioiikl make 
eeeiy thoiacie siiigeon opeiating on bioiicliogeme caicinoma deteimined to 
aeeomplish as mam iiotentialb' cuiatiec icscctions as possible In this lepoit, 
13 3 pel cent of all oui patients achieved a ‘‘potentiall 3 cuiative” status be 
means of an “extended icsection” (Table I) The postopeiative follow up 
peiiod ot this senes is too biicf at piescnt to peimit even a 3 3 eai appiaisal 
ot the niaioiitv' ot “extended lescetions ” Ilowevei, geneial tiends of sm 
vival could be determined and are piesented in Table VI 


Table VI Sur.v ival 


OIEHVTJOV 

NUMBER 1 

LEWISG 
HOSIITX;* j 

NUMBER 

I J\INO 

NUMBEl 

J S NEXI 
SLPVIXORS 

ME\N 

8LI \i\ xr 
(MO) 

Stimlard resection 


10 

22 

21 G 

Extended resection 

2C 

n 

o 

16 7 

Noiicurative resection 

28 

1 

It 

113 

Palliitue resection 

6 

0 

0 

44 

Explored only 

00 

3 

2t 

ss 


*l^xcludes operatlso deaths 
tHadiatron therapy 


The patients who had a “staiidaid lesectioii” have a ineaii sunival of 
21 6 inontlis to date, 36 7 pel cent ot these patients aie still living and leiiiaiii 
potentially cuied The iiatients who had an ’ extended resection” have a 
mean survival of 16 7 months to date, 50 pci cent of these patients aie still 
living and aie potential^' cuied Tlieie aic 22 3 veai siirvivois of the “stand 
aid leseetion” gioiip and onl 3 ' 2, thus fai, in the ‘extended lesectioii” gioup 
A majoi tactoi in the ditfeiences in these figuies is the iiioie lecent iiitiodiie 
tion of the “extended lesection ” 

The eompaiable survival statistics toi patients not potentiallv cuied at 
operation aie impiessivel 3 ’ low in each catcgoi 3 Of 28 patients in the “non- 
euiativc” lesection group, only 1 iiaticnt is living, and he is known to 
have diffuse coiitialateial lung ilietastases Only I patient in tins gioup siii 
vived longei than 3 3 'eais, and lie succumbed to caicinomatosis aftei 4 vears 
and 2 months The mean survival iollowing “iioncuiative lesection” was 
11 5 months Most of these patients leeeivcd radiation tlieiapv jiostopciativeh 

The patients who had exploiatorv' opeiations without nsettion suivived 
an average of 8 9 months The 3 suivivois in the “cxploied onlv ’ gioup aie 
especially luteiesting since the 3 have no eounteipait in the ‘iioncuiative ic¬ 
section” gioup These 3 patients are males who had light upper lobe iiifiltiat 
mg eaicinomas They received ladiatioii theiapy and lemaiii clinically well 








'^36 CnAMEERLAfN', MCA’’ErLL, PARNASSA, EDSALL J. Thoracic and 
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without evidence of inetastases or increasing local growth. Tlicy have survived 
•f jeais, 3 years and 7 niontli.s, and I year, respectively. 

DISCUSSION 

Tlie increasing incidence of bronchogenic carcinoma in this country for¬ 
tunately has occurred during an era of rapid advances in tlioracic surgical 
technique. The recent trend toward earlier diagnosis has increased the chances 
of successful surgeiy in many eases. However, the reported number of patients 
who were not potentially cured by surgery remains iiigh. This report concerns 
especially the use of an “extended resection” for patients who Avould have 
lieen incurable by standard lung resection techniques. 

Carcinoma in any organ may beliavc in unpredictable ways. AVhen one 
considers that lung tissue is made up entirely of blood, lymphatic and air 
channels, it would seem e.speeially remarkable that a lung carcinoma could 
ever grow large without clinical evidence of systemic dissemination. Yet this 
is often the case, and this phenomenon must indicate the relative benignit}' of 
these extensive local growths. Perhaps such eases deserve e.speeially the ap¬ 
plication of every available thoracic surgical technique to effect a potentially 
curative resection. 

We believe that there should be a riniversully accepted nomenclature that 
would portray the accomplishments of the surgeon, and which should not be 
determined or influenced by the delayed but final report of the pathologist. 
This qualification would seem practical since the surgeon decides the dimen¬ 
sions of the operation at the operating table without microscoiiic control to 
define the limits of the carcinoma. The terminology for operative categories 
submitted in this report permits clear-cut allocation of each ease, and permits 
relative as.se.ssment of the maximum surgical efforts to cure bronchogenic 
cai’cinoma. 

AVe did not consider it u-seful to include in the terminology reference to 
the amount of lung tissue removed, i.e., pneumonectomy, lobectomy, and seg¬ 
mental resection. These operative terms more often reflect the fortuitous 
position and nature of the primary lesion, rather than the surgeon’s accom¬ 
plishment in removing all carcinoma po.ssiblc. 

The terms ‘‘standard resection” and “extended resection,” according 
to the definitions presented, include the only patients who were considered 
to be potentially curable at the time of operation. These cases alone, therefore, 
represent surgical accomplishment, and this might be best expressed in terms 
of a “potentialhj curative resection rate.” This was 61.7 per cent for this 
.series of 2-18 eases. The total resectability rates (77.0 per cent in this report) 
that usually are recorded in the literature are meaningless from the stand¬ 
point of .surgical accomplishment, since usually there is no indication of how 
many noncurative resections w'cre included. 

“Extended resection” techniques achieved, in this series, a potentially cura¬ 
tive status for 26 patients. These patients wmuld have been incurable by stand¬ 
ard techniques of pulmonaiy resection. The operative complications and mor¬ 
talities incurred to establish this group rvere approximately twice the rates for 
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the “standdicl leseetion ” The moitahtj lates eonsuiiiciit to the “staiidaid” 
and the “extended leseetionb” ^^cle 9 1 and IS 6 pei cent, lospectively (Table 
IV) Ilonevei, e\Ln these latos \\eie acceptably low, cspeeially when the com 
pheations that weie fatal and diiccth attiibntable to siugical tcchnifiue wcie 
tonsidoitd scpaiato lioin those causes ot death that might be expected tollowing 
anj imgoi opeiation (Table V) Listed in this fashion, luortalitv lates weie 
2 1 pci cent and 4 0 pei cent, icspcetiiely, toi the “stindaid” iiid tlie “ex 
ti ndcd lescctioiis ’ 

Continued cxpciiciiic with bionehial and caidioiasoulai technuiues shoidd 
peiniit fewei comjilic itioiis among the ‘ extended lesections ” We have Rained, 
toi example, to close huge peiieaidial delicts witli paiietal pleiii i to piiient 
heiniation ot the he.ait, and to list ehclioeoagulation .ilinost loiitiiuli just piioi 
to closing the thoiax foi nioic eoinplete hemostasis iii the extiapleui.d planes 
iiid on i,iw lung snifaeos Caieful obseiiaiiee of the bisie piinciplcs of bion 
dual elosnie was essential to maintain a low incidence of bionchopleural fistula 

V note ot caution is indicated toi the bionchoplastio pioceduies in which 
sleeie iisootion and bionehial anastomosis weie peiloimed to piiseivo lowci 
lobe Innctioii Wo considei th.it this pioceilurc sliould bo used onlv when the 
lespiiatoii icseiio is such that pnciiiiionectomi could not possibh be toloiatid 

Soieial jcais must pass bofoic the custoiiiaii Sicai suiiival data can ho 
compiled toi this senes of cases The ticiids tli.it aie appaiont m Table VI 
consfitnto sufficient eiidenec, in oiii opinion, to state that the “extended lesec 
tioii” not only is justifiable but dcfinitclv is indicatecVwlioneiei it is techiiicalh 
possible The alteiimtuo toi these patients is to abandon hope ontiiely and to 
dent them and then families the s.itisfactioii that oioivthing possible surgicallj 
was done 

buini ui\ 

In the siiigie.il tieatnient of bionchogciiie caiciiionia, it is not oni intent 
to eneoiii.ige ungiiaided aggicssivciicss in the modem thoiacie siiigeon Dm 
iiig the past 25 yeais the indications foi and .igiinst thoiacotoniy have been 
faiih well standaidized The 248 cases in tins lepoit piobablj would h,i\e 
been selected foi opeiation bi the niajoiitv of cxpeiienced thoiaeio suigeons 

The biologic beh.moi of bionchogeiuc esicinoma is often paiiidoxie.d, 
it may bceonie extensive and iinasivt locally without detcet.ible systeniie 
dissemin.ition In oui opinion, such lesions deseiie an extended suigical 
cftoit to accomplish complete lemoi.d 

Twenty SIX patients in this sines weie affoided a potentially eiii itive 
stiitus by extended singled eftoits without unduly ineieasmg the opeiative 
morbidity and moitility 

The f.avoiable suiiiv.al pattern in this gionp eneoniages us to leeomniend 
tins aggiessne siugical attitude 

Once a patient has accepted oui suigical iccommendation, w'e aie obliged 
to justify his eonhdeiice by inclueliiig in oui suigical ainianientarium the 
technuiues outlined 
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DR FREDERICK R H UIPER, Denver, Colo—I would lil e to congratulate Dr Cliamber 
lam for bringing this to our attention at tins time, after Julian Johnson s verj discouraging 
paper of 2 jeirs ago 

I am sure we all have performed extended rcbLCtioiis iftcr uliieh the pitjcnts survived 
tor some jeirs Tin thing tint disturbs me is tint, for tlie pi t few ucils it the 
lonisville General Hospitil, the Pathologj Department his been making examinations 
of tht periphiril blood for e in tr eells h> i techiuquc that his been well di>eriled, ind m 
1 roucliogenic e ireinomas the imideiiec of ein or cells m the circuiting penplieril blood is 
perfectly tremendous 441tat the significance of these cells is we don t know 4\c obviouslj 
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know from tiiis report aiut our own work tliat they do not all survive—that is, these cells— 
and I hope that more of you will get interested in your institutions and run these sections 
so tliat witlun a very sliort time we can get some idea of tlie value or the implications of 
these carcinoma cells in the peripheral blood. 


^ DK. DON-VLD L. PAULSON, Dallas, Texas.—ily purpose in discussing Dr. Chamber¬ 
lain’s excellent pre.sentation is to emphasize the futility and the possible harm from an 
overly aggressive attitude in the surgical treatment of bronchogenic carcinoma, and to urge 
an approach based on, or at least tempered by, the biologic factors of cell type, location of 
the lesion, and the extent of the li'sion. 

Certainly one is justilieil, as emphasized by Dr. Chamberlain, to resect a low-grade 
epidermoid carcinoma by means of a radical resection in contrast to tin* small-cell un- 
ditfereatiated carcinoma, which rapidly disseminates distantly'. 

This slide shows the operability rates in our series of 1,1S0 ca.ses from 19-tC through 
1957, and our e.xperienee has revealed a resectability rate, up until 1951, of those patients 
operated upon of (14 per cent. In the years 3951 through 3.955, this rose to 74 per cent for all 
operations for carcinoma. The otierability rate remained close to 50 per cent. 

The year 1954 is particularly interesting iieeause we found our resectability rate 
rising to .S3 per cent of all patients operated upon. We felt that this was indicative 

either of a more aggressive attitude on our part, or that we were dealing with more 

favorable lesions. 

[Slide] A follow-up of thesi* patients operated upon in 1934 revealed no better 

survival rates than the general average for all the years. Of the 30 patient.s having 

pneumonectomy performed in 1954, 3, or 10 per cent, are alive in the fifth year, and of 
the 34 patients having lobectomy 9, or 2G per cent, are alive. Combining all resections for 
the year 1954, when our resectability rate was .S3 per cent, 12 patients of 64, or 19 jier cent, 
are alive in 5 years, which is the identical figure for all resections done from 1945 to 1956. 

[Slide] The figure for all resections is 19 per cent survival for 5 years, lobectomy 
23 per cent, and pneumonectomy 15 per cent. 

In conclusion, I would like to emphasize the points made by Dr. Chamberlain, that 
whereas the resectability rate should be maintained at a high level and unwise exploration of 
a nonrcsectablo carcinoma avoided because of its mortality and lack of benefit to survival 
time, the tendency on the part of the surgeon to extend the scope of operation and perform 
palliative resection, knowingly leaving behind carcinoma, is likewise to be deplored. Under 
these circumstances, and I think Dr. Chamberlain’s figures illustrated this, the mortality rate 
of resections of this type rises close to 20 per cent and survival is no better and, in some 
instances, not as good as for the inoperable cases. 


DK. MICHAEL E, De BAKEY, Houston, Texas.—1 should like to inject one thought 
here with regard to the evaluation of statistics of this kind, and this concerns again the 
definition of resectability rates. 

Resectability rate of patients operated upon, of course, is one thing. Rcsectaliility 
rate in terms of all cases of carcinoma encountered is still another, and this is important, 
because obviously unless one relates the patients operated upon to the total number of 
cases encountered, the resectability rate can vary considerably. It is essential, therefore, to 
define the resectability rate in these terms, since obviously one can either increase or reduce 
the resectability rate of all patients operated upon by simply changing the criteria for 
operation upon all patients encountered. 

DR. ALFRED GOLDM^LN, Beverly Hills, Calif.—I would like to confine my discussion 
to the first paper, that of Dr. Moersch and his group. 

In studying our group of cases of bronchial adenoma, we have felt that there are weD 
differentiated factors whicli, as Dr. Moerscli and his group have shown, tend sepani e o 
tlie cyliiidromata from the carcinoid group. One of the things which ne lave 
is the relationship of treatment as one finds the indications in these two groups of tumors. 
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[Slide] 'ilie Jiext slide sliows iiiirt of the auricle witU the tumor hiviuliug it that has 
been removed. The patient .snrpi-ised me by not Iiaviny further extension of his disease 
until -1 years later, when lie developed a node in his neck wliich was positive for squamous 
cell carcinoma. Now years afterward, the patient is aliout to die of his disease, but 
in the interim lie has been free of his symptoms, wliicli included about a pint of purulent 
sputum a day and liemorrhage, whicli had required two transfusions a day for the 2 weeks 
preceding Ids operation. 

[Slidi'J Ihe third point I should like to make is tliat patients who may have blood 
\essel invasion ivlio later develop a metastasis sliould Iiave the metastasis considered solitary 
until proved otherwise. Diis jiatient has been commented on before but I show this to you as 
a follow-up. 

rids was a 2(i-year-old girl with ailenoearcinoma of the left upper lobe, wdth no 
symptoms from her ilisease, who had been picked up as a contact. 

lids slide sliows the type of adenocarcinoma that site had. We felt we had completely 
removed it with a left upper lobectomy, taking out about eight mediastinal glands, all of 
which were negative, until [slide] we saw the malignant cells present in the pulmonary 
vein. Therefore, we were on the lookout for metastasis so that [slide] J4 months later, 
when she camo in with a cough, and this obvious metastasis in the right upper lobe on the 
other side, wo removed the right upper lobe on that side. The tumor [slide] proved to be 
the same type as the original tumor. 

She then went G years and wanted to have a baby. Physiologically, I felt she could 
withstand pregnancy and advised her to go ahead, which she did. The obstetrician sent 
her back to me when -f months pregnant with a lump in the right breast which I thought 
was probably another inetastasi.s, but in taking it out it proved to be a primary 
carcinoma of the breast. Radical mastectomy vvas jicrformed with removal of internal 
mammary nodes and axillary nodes, all of which were not involved. 

It is now 7 years following the primary resection of the breast, 13 years following the 
primary reseetion of lier eareiiioma, and 12 years following the metastasis, and the patient 
shows no furtlior evidence of malignancy or pulmonary dysfunction. 


DR. JULIAN JOHNSON, Philadelphia, Pu.—I certainly appreciate Dr. Chamberlain’s 
paper. 1 agree witli him in principle in the aggressive attitude toward eareinoma of tlie lung. 

Lest tliere be some misunderstauding regarding our paper last year, we eortainly never 
intended that one should not be aggressive in the removal of a tumor. Our point was 
that the presence or absence of blood vessel invasion in the tumor is very' important in the 
prognosis. In our practice, if we could remove a tumor grossly at the time of operation 
wo have dene so, and that is perhaps attested to by the fact that our 5-year suridval rate is 
26 per cent, with an over-all 5-year survival of 9 per cent. 

The point which we made lust year is that so far no one has demonstrated the supe¬ 
riority of a radical operation, such as has not been talked about here but which consists of a 
widespread mediastinal dissection with removal of the lung and mediastinum en bloc even for 
an early lesion. Let us not confuse the term. The term “radical pneumonectomy’’ as 
proposed by Philip Allison is the widespread dissection for a small lesion, whereas being 
aggressive in getting a big lesion out is something entirely diiferent. We have felt that one 
does not need to be obligated to do a wide dissection of the mediastinum, lymph nodes, and 
contralateral bronchus, take out the pericardium, and divide the vessels to the lung inside the 
pericardial sac in small lesions, and we ourselves have been doing more and more lobectomies 
for the small lesion. We have our highest 5-year survival rate in that group. 

But as far as taking the big tumors out, we arc not relieved of our obligation there in 
any way by tiiese data which we gave on 5-yeur survival. We don’t know at the time of 
operation wliethcr there is blood vessel invasion or not, and if we have a huge tumor without 
blood vessel invasion and do not take it out, we have done a disservice to that patient. 

Tliis was attested to by 1 such patient in our .series. I found, to my surprise, after T 
had terminated the operation and sent him home to die, that 5 years later he was still alive. 
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tins side bei«g 33 per cent of tlie total. Tliesc cases have interested us particularly because 
loy a so offer one the opportunity to study a lung which lias been largely deneiwated, since 
the plinonary artery is stripped of its neural sheath and the only structure which is 
relatively undivided or untouched is the inferior pulmonary vein. 

Ihe relationship of circulation to ventilation in these lungs also is of great interest, 

DR. JEROJIE R. IIEjVD, Oiicago, Ill.—[ would like to say a few words about Dr. 
Payne’s e.xccllent paper. It seems to me it is important in that it shows definitely the 
malignancy of the cylindromas and tlie mueoepitheliomas, but also because, by implication, 
it implied the nonmalignancy of the carcinoid tumors or the simple adenomas. 

1 feel that simple adenoma is never an indication for lung resection unless the lung 
has already been so damaged by broneliial destruction that it is past redemption. I agree 
with Dr. Goldman that, in these ease.s, a broncliotomy is the procedure of choice if the lesion 
cannot be removed through the bronchoscope. 

1 would like to mention one unusual procedure whicii we used in a case of tliis kind 
in a woman with a right upper lobe atelecta.sis. On I)ronchoscopy we found a simple 
adenoma protruding from the right upper lobe bronchus. At tiiat time we were using 
dammablo anesthetics and could not use diathermy. We did a broncliotomy and found that 
both the upper lobe bronchus and part of the main bronchus were involved with the tumor. 
We closed off tJie main bronchus and packed the intermediary bronchus; we then took a 
uterine curet and curetted the upper lobe bronehu.s. Bleeding, as is usual in these ease.s, 
was x^rofuse and was uncontrollable at tlic time of oxieratiou, so we packed tlie upper lobe 
bronchus with gauze and left it in jdace, but attached a long string to it, which wo brought 
out through the mouth. Wo loft the pack in place for -18 liours and then withdrew it through 
the mouth. 


DR. PAYNE (Closing).—I wish to thank Dr. Goldman and Dr. Head for their comments. 
Although we consider carcinoid bronchial adenomas, muco-epidermoid tumors, and cylindromas 
of tlio bronchus to be distinct and separate elinieai and patliologic entities, wo also regard 
them as malignant. As has been indicated in previous publications from our institution, 
metastasis is a feature of about 10 per cent of bronchial carcinoid tumors. It is our feeling 
at present that surgical re.soctiou is tlie preferred form of treatment for carcinoid tumors as 
well as for the other two tumors under discussion. 

We sliould like to emphasize two additional points. First, altliough the cylindroma 
may appear to be inoperable by ordinary criteria, very excellent palliation can be obtained 
by resection, even when tumor must be left behind. The low incidence of vascular invasion 
probably accounts for the better prognosis associated with tliis tumor as compared to the 
prognosis for the usual bronchogenic carcinomas. 

Second, altliough muco-epidermoid tumors and many of the carcinoid tumors are of a 
low order of malignancy and may lie removed adequately by sleeve resection of the broiiclius or 
by more conservative means, the pulmonary sequelae of bronchial obstruction may require 
more radical resection. 


DR. CHAMBERLAIN (Closing),—1 would like also to thank the discussers who 
complimented me liy discussing this 

I might answer Dr, .fensik’s iiucstion first by saying that his experience and mine 
are essentially the same. Wo did not go into the indications in this 15-miniite presenta¬ 
tion, but hoarseness is usually a contraindication unless a xialliative operation is planned. Of 
course on many occasions I have had to perform a biopsy 011 these people because the x-ray 
therapist will not treat them unless we liave a histologic diagnosis. In some cases, wlieu 
hoarseness is not the major symptom, I have removed the recurrent laryngeal nerve, us 
am sure you have, hoxiiiig to cure the xmtient. 

I believe I can answer the other discussers together: Dr. Paulson and Dr. Gibbon. It 
is interesting to me that they were the ones who called your attention to a 
since I have recently gone over their published reports m detail. Iheir resectabibtj lates 
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aro higlier than tlio a\oj.igo lu this eouutiy, so it is not suipnsuig that thej should uain jou 
to bo cautious Dr Uibbou’s pajicr points out that appro\imately 50 per cent of his 
patients lia\e had pi*ntardioutoiuR*a, aiul Dr Paulson's and Dr Shaw’s resc tion rate is up 
in the 70's, as he pointed out to you 

I understood Dr, Johu''Ou’s presentation in Doatoii evietlj as he rttordod it to jou today 
I am feuie that he is as inxious to re><ei,t these lesions as any ot us 

If all of us were to be coinplotelj honest Avith ourseUes, we must admit that our 
ability to resect advanced cases ot carcinoma now is much greater than it was the da} 
wo hni&hed our residencies, and nn plea before this Societ} is to insist m our teaching 
cuvirons that when we semi these }oung men out into the world that the\ have with them 
the technical scope and the technic il abilit} to do an ’‘evtended icscction” should they 
encounter the need foi it 

Xow [ should like to s iv a word or two in icgard to those c ises m which we in‘ torcod 
to have cancer behind At the beginning of an oper.itioii a surgeon docs not alwavs know 
that he is going to Icive cancer behind, lie ma} think, “Well, this lesion is i mipleteh 
roscctablo,” and go ahead with the mtontion of lesccting it, even though it is n ccssaiy to 
take the pern irduini and tho atual w ill, etc However, when the operation is almost 
completed, it is at that time that lie discovers that there is still inaccessible can inoma 1 
do not like to hive carcinoma behind, but on occisions there is no other solution 

Sir Clement Price Tliomas Kindi} sent me a copy of his Tudor Ldvraids Memorial 
Lecturo just prior to presenting it before the Bntish Thoracic Societ} in May, 1959 It 
IS of interest that tho osseuco ot his presentation was a plea lor e'ctended efforts to resect 
carcinonui of the lung In JOb patients operated upon prioi to l')5], his resectability rate 
was bO per cent la 2b8 patients operated upon since 1051, his rcsectabilitv rate was 75 
per cent His published report will show that extended operations for carcinoma of the 
lung may bo performed with encouraging results 

For those of }ou who may return to }Our ic&pcctive enviions with a moie aggicssive 
approach, I would like to road this line to }ou again ^‘It is not our intent to encourage 
iinguirdcd aggressiveness m the modern thoracic smgeon." 



INSTANTANEOUS BLOOD LOSS DETERMINATION 
DURING THORACIC SURGERY 

Robert Klopstock, Al.D.,* hLtrry H. LeVeen, AI.D** (by invitation), 
and P. I. Levitan, Al.D*** (by invitation), Brooklyn, N. Y. 


T he iiAGxiTUDp; and duration of present-day surgery, in general, and of 
thoracic and cardiovascular surgery, in particular, would not be ])ossible 
without adequate blood replacement. As magnitude and duration of surgical 
procedures expand, the volume of operative blood loss increase.s, necessitating 
replacement of larger and larger amounts of blood. Anatomic structures dealt 
with in thoraeie and cardiovascular surgery carry the risk of brisk hemorrhage 
on occasions and the demand of speedy restoration of the circulating blood 
volume. IIow then may one best maintain an adequate blood volume and at 
the same time prevent undertransfusion or circulatory overloading? 

The work of Ebert and Stead* clearly indicates that during the course of 
blood loss in normal donors there is no gradual deci’case in blood pressure and 
pulse rate. These authors state, ‘’the onset of collapse was sudden. Until it 
occurred, the subject had no complaints. In tliree subjects collapse developed 
from 1 to 4 miiuitcs after venous suction was completed. The compensatory 
mechanism appeared to break down suddenly even though no more blood was 
being removed and the position of the subject had not been changed.” This 
fact is well illustrated by a diagram which has been adapted from Bareroft 
and others'- (5hg. 1) to demonstrate the changes in vital signs during the brisk 
hemorrhage in a normal donor. The blood pressure which starts in the neighbor¬ 
hood of 120 docs not fall, the pulse rate rises but little, and yet the cardiac out¬ 
put continuously diminishes. It is only when compensation fails that the blood 
pressure drops suddenly. This shows that the blood pressure and the pulse rate 
cannot be relied upon a.s an index of adequate replacement. Neither the rise 
in ]nilse rate nor the fall in systolic pressure makes its appearance until the 
volume of blood loss is greater than can be compensated for by vasoconstriction. 
This usually does not occui' luitil after 800 to 1,500 e.e. of blood is lost, if the 
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patiuit IS a well nouiislied and hjdialed adult Altliongh \cnous piessuie is 
oi some lalne in dcteimining the extent ot blood loss, it becomes lalneless dining 
lapid bleeding and lapid leplacement Duiiiig seieio liomoiiliage the sudden 
leplaeemeiit ot blood inaj fail to bung about a iceoxeiv in the liemodMiamie 
alteiations e\on when icplaceinent b.is been ot the piopei amount Theie liaie 
been \aiious explanations foi this failuie of tianstiision to pieient the dis- 
tnibances in heinodvnamics, some of nhieh liaie bicn asciibed to the high eitiate 
eoncoiitiation ot bank blood Tbe citiate in blood enhances the action of po 
tassium b} leinoMiig its ionic antagonist, the caleium The potassium concen 
tiation ot bank blood uses to 25 niEq pei litei by the end of 2 weeks The 
lapid intusion ot this bank blood may induce caidi.ie aiiest oi a state not un 
like that of toiwaid eiiculatoiy failiue It is nndei these ciicmiistann s that 



Fig 1 —The course of e\ents during: npid \cnous section of a nonml donor is charted 
Blood pressure (B P ) falls precipitously from 120 to 40 nini Hg- The heart rate (IIR ) does 
not use above 100 The caidlac output (CO) falls continuously The total peripheral re 
sistance (TPR) rises until decompensation occurs Right auricular pressure (BAP) falls 
continuouslj during the bleeding 

■venous piessiue will fail to dififcientiate betiieen oieitiansfusion and fornaid 
eiiculatoi’i tailuie mdiieed hj high potassium coiicentiation of bank blood It 
IS tlieiefoic, obvious tliat it aeciclcnts aie to he avoided dniing snigcn entailing 
massive blood loss that the aniouiit ot loss must he coiitiniioiislj measiiied dm 
ui"' the opeiativc piocediiie and exact icplaecmeiit made for the amount wliieli 
IS lost 

Since the fiist study ot blood loss duiing some ot the most common opcia 
tioiis was leported by Gatch and Little^ in 1924, manj iiivestigatois have made 
exfonsne measui emeiits of operative blood loss in the vaiions fields of siiigei-j 
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and concluded that volume lost was always greater than the surgeon estimated 
and that tlie circulatory volume may be decreased considerably before clinical 
shock is noted. 

Great credit should go to Wangensteen* for having suggested (1942) the 
relatively simple and accurate method for determining operative blood loss 
it occurs by weighing the dry sponges before and after their use and thus 
calculating the blood lost during surgery. 

In the field of thoracic surgery, White and Bu.xton,** then Miller, Gibbon, 
and Allbritten,*' made very valuable studies of blood loss during the various 
major thoracic procedures. Gibbon'' and his associates pointed out that they 
were unable to estimate the amount of blood which had been lost and the amount 
which should be replaced by ob.serving tlio vital circulatory signs. 

Operative blood loss has previously been determined by both the gravimetric 
and the colorimetric methods. Blood volume studies were done by the dye 
dilution method, according to Gibson and Evans,** and by radioacth'e tagging 
of blood components, and tlie blood lo.ss has been calculated in these ways. 
However valuable these methods ai'e, they are not very suitable for the routine 
and everyday evaluation of blood loss in the operating room when extensive 
procedures of long duration are carried out. 

The possibility of using the phenomenon of electrical conductivity in the 
determination of operative blood loss has been investigated by Harry H. LeVeen." 

The conductivity method is based on the fact that blood is a solution of al¬ 
most constant electrolyte composition. Even in “low salt syndrome" and other 
more serious dlsea.se states, the total sodium docs not vai-j" by more than 10 to 
20 e.e. inEci. per liter. The extent of blood lo.ss can therefore be assessed b}" 
measiu’ing the quantity of lost electrolytes. 

The electrical resistance of a solution decreases with increasing electrolyte 
concentration. Wore concentrated solutions of electrolyte will allow for greater 
passage of current according to Ohm’s law. If blood is added to water in varjdng 
concentrations, a direct proportional relation.ship between concentration of blood 
and conductance results. Since small changes in conductance can be accurately 
measured with a Wheatstone bridge, the change in conductance produced by the 
the addition of blood to known volume of water can be determined precisely. 
With a suitable Wheatstone bridge and proper temperature compensation, deter¬ 
minations are accurale to 0.5 per cent. 

LeVeen,^ utilizing the discussed principles, carried out extensive preliminary 
experiments and devised an ai)paratu.s, the blood loss monitor, which calculates 
and instantaneou.sly registers all blood delivered into it. 


DESCRIPTION OF THE BLOOD LOSS MONITOR 

The apparatus consists of a largo stainless steel tub with an agitator which continuously 
e.xtracts the electrolytes from the sponges and elots. A suction pump transfers blood from 
the operating table directly into the tub (Fig. 2). This procedure makes possible the addition 
of blood loss taken up via suction as well as from bloody sponges. Since conductivity in¬ 
creases with increasing temperature of the solution, automatic temperature compensation was 
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accomplished by introducing a tliormistor into one arm of the conductivity bridge. Tlie 
thermistor assumes tlic temperature of the ^^atcr lu the reservior and changes the resistance 
of one !irm in tlie bridge to compensate tor the deeieasing resistance of tlie solution at in- 
cieased tempeiatures. It was ilesiiable to Jiave a direct reading instrument ivhich would 
obviate the dilKculties of manually balancing the eonducthity bridge. Ileace, a servo¬ 
mechanism ^yas coupled aitli the condnctiiity bridge, Tlic servomotor continuously brings 
the bridge to the null balance point, instantaneous and continuous detection of conductivity 
changes are made. The conductivity bridge and coll must be specially constructed to oxicrate 
on low voltages in older to minimize polarization and, at tlie same time, maintaiii its sensi- 
ti^ity. All components of the machine are constructed to meet explosion jiroof requirements 



Kig- U—A ijliotogianli of the blood loss monitor Is shoi\n in simulated use. The bloody 
sponges .lie dropped m the open tub The suction is connected to the side of the apparatus. 
The dial face can be seen 

tor use in an oxieiatmg room. The Inidgo is calibrated in cubic ceutiineter.s of blood lathcr 
than in solution conductance (the umt of eluctric conductivity). Blood loss is measured in 
increments of 100 c.c. up to 8,000 c.e. and uith possible estimate of 25 to 50 c.c. within the 
incremont. Tliere is also an arrangement to measure small volume of blood loss fioni 0 to 
800 c.c. to be used in surgery of children. This dial can be read ivitii an accuracy to 20 c.c. 
and estimated to 10 c.c. within the increment (Fig. 3). Tliis range can bo put into operation 
by turning the jiropcr switch. A centrifugal pump empties the tub following usage and tlic 
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tub can be lapully eiuptiod into a regular sink and re/iJled so that losses greater than 8,000 
t.u can be measured. Tlie niacluae is cleaned with a chlorinated detergent following use 
and iiiKsed with tap water. A stainless steel measure is ii.sed to mea.sure the initial quantity 
of tap nater placed in tlie tub. Fi.xe.l resistances with push buttons are included so that the 




togetlier witfi the range switch is illustratea in detail. AVlien the 
switch IS in tlie nuult position reading-s are made on tiie outer circular scale. When the 
switch ns in tlie cliild position tlie inner circular scale is used for reading. 



Pig. 1.—Scliematic diagram of tlie automatic Wood loss meter. A measured volume of 
distilled water (113,000 c.c.) is added to the tub. An agitator extracts e ectrolytes fiom the 
sponges, lap pads, and clots. A suction apparatus transfers blood from the_ ^ 

tlie tub Vutomatic temperature compensation is accomplished with a theinustor which 
one arm of this bridge Tlirconductivltv cell Is also shown. A servomotor continuous y keeps 
the bridge at tlie nuh balance point. The dial of the meter is ca ibrated directly m cubic 
centimeters of blood. Sponges and laparotomy pads are held in a stainless steel basket indi¬ 
cated by broken line inside container. 

calibratiou of the machine c.-iii lie pn-tc.stud before use. A null balance of 0 c.c. of blood 
is automatically aecompli.shcd by using tap water of low conductivity or distilled water. 
Correction for the initial conductivity of the water is then imiiecc.ssaiy. A schematic drawing 
of the instrument is shown in Pig. -1. 
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liemuils —It IS evident that sodium clilotide solutions cannot he used foi 
luigation pmposes oi to moisten sponges and pads unless a definite measuie of 
the amount ot sodium chloiide used is made and suhtiaeted fiom the final total 
ot indieated blood loss We use a solution of 2 5 pei cent glueose foi moisten 
iiig lapaiotomy pads foi iiligation Since glucose is a nonclectiolyte, it does 
not inteileit with the leidings 

OIISIRI VTI0M5 

Tlie blood loss monitoi was used in G2 patients ulio undiiwent miioi 
thoiacie and eaidioiaseiilai siiigeii * In Table I, the obsened ininimuni and 
ma\imum blood loss tallies aie t ibnlated toi each tvpe ot opeiation .ind tin, 
calculated ateiagis aie noted These aic appioximateh equal to thosi ic 
polled b\ othei aiithoi-s, notablj bj ilillci. Gibbon, and Allbiitten Blood loss 
sustained up to the opeiung ot the plcuial cavitt langod 150 to 750 i e with 
an ateiage ot 361 c c It should be stiisscd that tlieie was no need in an\ case 
foi additional blood leplacemtiit attci (.omplction ot the suigical pioccduie it 
blood leplaceniont was made accoiding to the indication on the inoiiitoi In all 
eases theio was loss than 1 2 fliii change in the hemoglobin taliu on the fiist to 
the touith dat as eompaied with picopciitne values Thointon and Adams” 
pointed out that the amount of hemoglobin tends to diop postopeiativeh in 
those eases wheic blood loplacement has been inadequate This postopeiativc 
diop in hemoglobin value desenbed bj Thointon and Adams did not oeeui in 
0111 eases in which the blood leplaccnieiit was earned out uiidei the guidance of 
the blood loss inoiiitoi 

Tlicie weie onlv 2 cases (No 1 and No 2) in wliieli shock occuiied duiing 
surgoij, and these obseivations aie desenbed full} because of then study ealue 

COWMENS ON ILLUSiniTlVE CVSFS 

In this instance it was decided to compaic the acciiiaLy of the anestliotist s 
clinical tstimate to blood loss legisteied by the moiiitoi Theiefoie, the ‘ dial 
indication ’ ’ of blood lost w as uiiluiown to him at the time i ital signs had changed 

Casb 1 — Lohcctomy foi Carcinoma With Chest TTaZ? invohement — 

Tlie p'lticut vs a 39 year old m vu with a round, tumor iii the right upper lobt On 
exploration of a c irciuoma it appeared that it was auatoniicallj resectable by means of 
an upper lobe resection, even though the tumor bearing part of the lobe was densely ad 
liercnt to tin, panet vl pleura in a circuinbcnbcd area In addition, the entire upper lobe was 
attiched bj vascular adhesions to the paiietal pleura Theiefore an extrapleural dissection 
w lb earned out This patient exhibited an unusual degree of oozing over v prolonged period 
of time Duiing tlic procedure, the degree of blood lobS was not appreciated bj the anib 
thetist until the vital signs changed At this time 3,o00 c c of blood loss w vs regibtored 
uhile only 2,000 cc had been replaced (Fig 5) The known defieit was corrected gradually 
and tJic patient s condition returned to uoimal Tot il blood loss and repi lecment for the 
operation w is 7,000 cc In the postoperative penod, no idlitiouil blood rcplicement w is 
necessary 

This ohseii atioii illustntes the wide disciepjiicj hetwetn clinical impiLSSion 
and accinate measuiciueiit of hlood loss It is in suth eases, when the hlood loss 
lb biuall hut loiitinuous, that uiideitiansfusioii is common 


•See Vddendum 


TAUI.E I. OrEUATivK Blooi> Loss Measukkd by INIonitou 
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than 1.2 Gm. change In hemoglobin for all cases, i to 4 days postoperative as co.npared to preoperativ 
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RIGHT LOBECTOMY 
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Fig 5.—IUu<itratos not only the cisc of management of a patient who during burgtiy 
had grailual blood loss of 7,000 cc with change m the hemodynamics but also the facility 
with whicli known laigo deficits can be leadlly concctod 



Case 2— Mitral Commissurotomy — 

Tlio patient waa a 37 year old white man with mitial stcno&is During tho otherwise 
uuctentful procedure there w \s a su<ldeii loss of 1,200 cc of blood following tear of the 
left atrium and superior pulmonary \em Blood pressure was unobtaniible for a short period 
of time, but returned to normal after replacement of tlio indicated volume Tho patient did 
well following surgery and no further blood replacement was needed (Fig 6) 


MITRAL COMMISSUROTOMY 


rr 


TOTAL BLOOD LOSS 


TOOcc tSOOcc 
800CC 2000CC 


2500CC 

2500CC 



TIME 


Fig 6—Brisk blood loss precipitating shock, during cardiac surgery is easily managed b> 
monitoring and replacing the blood 10*58 as it occurs 
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A\ heji l)lood Joss is sudden and massive one may “get lost” in the manao-e- 
mont ol replacement if it is based on clinical estimate. It is in such cases that 
overtransfnsion, most commonly, and cardiac arrest, occasionally,^ are induced. 

I he train of events substantiates also the experimental data on normal 
donors which indicate that vital signs do not change until considerable blood 
has been lost and only then they change suddenly. 

llupotliennia .— 


The increasing use of hypothermia poses problems for both surgeon and 
anesthesiologist. Not only does hypothermia render the vital signs valuele.ss, 
but it also enhances the tendency toward cardiac arrest. During hypothermia,' 


RESECTION OF ANEURYSM OF THORACIC 
AORTA WITH HYPOTHERMIA 
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Fig*. 7.—Monitored blood loss and replacement during 10-hoiir hypothermic vascular surgery 

is graphically shown. 


patients tolerate blood loss veiy poorly and the blood volume is restored very 
slowly after hemorrhage. This is partly brought about by a fall in the osmotic 
pre.ssure of the plasma protein during hypothermia. Under these circumstances 
fluid cannot be rapidly mobilized from the tissue spaces. The instantaneous 
determination of blood loss was of considerable aid not only in thoracic surgeiw, 
but in all surgery performed with hypothermia. 

The following ease report illustrates the usefulness of monitored blood loss 
in cardiovascular surgery cai-ricd out under liypotliermia with necessarily hypo¬ 
tensive blood pressure levels and altered pulse rale. 

Case 3 .—Exciaioii (ind llcplaccintnt of Descending Thoracic Aoita. 

The patient was a 42-year-old white man with a large fiisiforiu aneurysm of the descend¬ 
ing thoracic aorta. xVt e.xploration the dilatation was found to extend from just distal to 
the left subclavian artery to a point just above the diaphragm. Under hypothermia a 
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Tciiou prosthesis used to bypsiss the aneui^sm >\liieh ^\.ls then roseetod; t!ie prosthesis 
wiis left as a. iieniKiueiit bypxss. There was uo druinatic blood loss during tho 10 hour ijro 
cedure, but after replacing the \olume3 ot blood indu.atod by the monitor, it •was found that 
6,200 c.e. of blood had been lost by continual oo/c. The patient had an uneventful post¬ 
operative course and no further blood replacement uas neces&aiy (Eig. 7). 

In the properly monitered cas>c, blood deficit and over-transfusion do not 
occur if loss and feplacenient are checked periodically during tire course of pro- 
lorrgcd surgery. Hourly check shoirld be considered the inininrrrnr interval dur¬ 
ing the uirevontful progress of art operation. A typical ehai-t of monitored 
blood loss is shorvn in Fig. 8. 


RIGHT UPPER LOBECTOMY 
TYPICAL CASE 


r 


total blood loss- 
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tOOOcc Z2S0CC 2900CC 
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TIME 

Fip 8—Tlie niatchinf; of blood replacement to blood loss is shown m a tjpical intratiioracic 

surgical proceduie 

GDNDUAL C03IJIENTS 

In the foregoing, data are preseirtcd to document the value of an apparatus, 
the blood loss rnoiritor, for accurate dctcrmiiiation of blood loss during surger.v 
as it occurs. The constrrrction and functiorr of tho apparatus is based oir the 
fact that the blood is a solution of almost constant electrolyte composition. The 
extent of the blood loss is assessed by measur-ing the (prantity of lost electro¬ 
lytes. 

Since the char acteristies of blood as an electrol.vte are utilized a.s a mcasuro- 
meirt of blood, all the factors affecting conductivity in blood mrrst be rcckotrcd 
with. 

NoiieUctrolyte itr high etrough coireentratioir will effect a rcductiorr in con¬ 
ductivity. The usual eorreeirtration of glucose and nouprotciir nitrogerr in blood 
do not produce a perceptible chairge. Seriuu protein and bemnirli' 'n do iii- 
flrrerree eondnctivrty in an ideal way. For uin pc- -ji,.ih 
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protein, conductivity increases approximately 2 per cent. A l)lood loss of 100 
e.c. in a patient witli a gram per cent deficit in plasma protein would appear 
as a loss of 102 e.c. This would cause the patient to bo overtrausfused by 2 per 
cent. A change in hematocrit from 50 to 5 will register approximately 20 
per cent increase in lo.ss. An anemia of 50 per cent would bring about an over- 
replacement of blood loss by an amount slightly in excess of 10 per cent. The 
method makes moderate corrections for severe hypoproteinemia and anemia. 

Open Heart Suryenj .—We have not yet had the opportunity to use the 
blood loss monitor in open heart surgery, but it seems apparent that such an 
apparatus could be of ine.stimablc value. 


The accurate determination of the blood lost before the perfusion begins 
could be accomplished with ease. During perfusion all blood lost from the 
oxygenator-patient-circuit must be accurately known so that correct volume of 
blood may be maintained in the patient and the perfusion terminated with the 
patient in normovolemic state. In infants, of course, this assumes even greater 
importance since small amounts of blood repi-escnt larger proportions of total 
blood volume. 

Rapid los.ses of large (luantities of blood during cannulation as occurs on 
occasion, or accidental injury to major vessels in the preparation for perfusion, 
may prejudice the outcome if fast and accurate replacement is not carried out 
prior to the total body bypass. 

Compensated Ihjpovolemm .—In con.sidering the efforts to safeguard the 
surgical patient against the hemodynamic changes brought about by over- or 
undertransfusion, attention should be directed to the possible danger inherent 
in compensated hypovolemia. Recent exi)criment of ours had .sliowii that 
I)ota.ssium excretion is impaired in compensated hyi)ovolemia even though blood 
pressure and pulse rates remain unchanged. During compensated hyjmvolemia 
in animaks, serum pota.ssium levels will rise with infusions of hyperkaleinie 
blood (bank blood). This i-ise docs not occur in normovolemic animals. The rise 
of serum potassium exposes the animals to the possibility of cardiac arrest. 
These experimental obseiwations confirm the effort that blood lo.ss be replaced 
quantitatively as it is lost. 

In Conclnsion .—The feeling is expressed that the instantaneous and con¬ 
tinuous determination of operative blood loss gives the surgeon the assurance 
that the patient’s hemodynamics will not undergo sudden collapse and that the 
patient will not be exposed to biochemical changes making him susceptible to 
cardiac arrest because an exact replacement is made as blood is lost. The 
maintenance of hemodynamic equilibrium enhances greatly the execution of the 
purpose of surgery and safeguards the patient from measures which aie neces¬ 
sitated under the duress of hemorrhage. 


SUMMARY 

Imstantaneous and continuous determination of operative blood loss was 
carried out in 62 major thoracic procedures utilizing an apparatus, the blood 
loss monitor, based on the principle of electrical conductivity of the blood. 
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Eesults aic tabulated 

Pathopht siologv of t espouse to blood loss has been discussed 

The method pioved to be simple, tolwblc, aecuiatc, and cxtiemolj usctul 


ADDS NDUM 

Since this report \i is subiiiitteil, the blooil loss nioiiitoi rvss iisttl in o7 additional 
major thoncjc uul cardne operations la iiono of tlio shoe) occur dunng- 

or after tho completion ot sjurgcr>, and in no iimt nice iias it iiecessiirj to use additional 
blood repj iceinent bcioml the mioiint indicitcd b^ the monitor lurinjf the ‘jurgicil 
procedure 
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DibCUbSION 

DR IvLOPSTOCK—In closing, I nouW like to shou i short motion picture to denum 
stratc the blood loss monitor iii simulated action Hero jou seo the npparUus ^\ltll tho dml 
faee registering blood loss up to 8,000 cc Before using, 0 point is lieing tistod Now 1,000 
cc of blood is dolneied into the tub, n itching the dial jou v<o th tt it iiistintlj registers 
1,000 cc Then tlio eontent of the suction bottle, contaimiig 150 c e of blood, is suetionetl 
into the tub and jou can notice that the registered total is uo\\ 1,150 ee Bloody spongts and 
pads are nou dropped mo tlie tub, registering au additional 200 c t •—nltogcthor IjO'lO e e of 
blood loss Excessive foam formation in the tub solution is prevented by iddition of nn 
artifoaui agent Thank you 



USE OF A MECHANICAL RESPIRATOR IN THE MANAGEMENT 
OF RESPIRATORY INSUFFICIENCY FOLLOWING TRAUMA OR 
OPERATION FOR CARDIAC OR PULMONARY DISEASE 


Prank C. Spencer, M.D.,'* Donald W. Benson, AID. (by invitation), IF. C. 

Lin, M.D. (by invitation), and Henry T. Bahnson, Ai.D., Baltimore, Aid. 

T he use of a ineoliaiiical respirator to maintain patients with severe pul¬ 
monary insnlfieieney through the critical period after pulmonary resection 
was first described by Bjork and Engstrdm in 19.55.* Subsequent experience 
has shown the validity of their i)remise, that a .satisfactory recovery is possible 
if the patient can be helped to .survive the ci-itical early period after operation 
when re.spiratory function is poor bccau.se of trauma to the lung, increa.sod 
secretions, pain, and fatigue. Avery, IMorch, and Benson- have used a respirator 
to relieve respiratory insufficiency resulting from a Hail chest after crushing 
injuries, the respirator being used in some iirstances until the rib cage became 
stable enough to prevent embarra.ssing paradoxical breathing. In 1957, Bjork 
and Engstronr' had used the rc.si)irator in 61 patient.s, ijicluding 3 in pulmonaiy 
edema, and mentioned in an addendiim the use on ])atients following cardio¬ 
pulmonary bypass and open heart .surgery. 

"We wish to emphasize the value of a respii’ator after open heart surgery to 
carry some patient.s through the early po.stoperativc period when survival is 
not possible without this supportive measure. In the cases to be reported, 
respiratory insufficiency followed traiuna in 1 case, pulmonary surgery in 2, and 
cardiopulmonary bypa.ss and open coi’rection of cardiac defects in 7. 


THE UESPIRATOU 

The Moreh respirator used in this group of patients consists of a piston, 
the stroke of which can be varied from 0 to 3.2 liters by changing the radius 
on a crank. The crank in turn is driven by an electric motor with a variable 
speed reduction unit which allows regulation of the rate from 0 to 40 strokes per 
minute. The .stroke volume and cycling I'ate are the only adjustable factors. 
Air is pulled into a chamber through a one-way valve by the baclcward move¬ 
ment of the piston and is then pushed out by the forward movement through 

From tlic Departinont of Surgery and Dlvi.slon of Anesthesiology, Jolms Hopkins Uni¬ 
versity and Hospital. „ tt 

Aided by Grants H-22fi and II-132G, National Heart Institute. U.S. Public Health Service. 
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a hiumdifiei to a valve placed as close to the patient as possible Dining the 
iiispiiatoiy stioke, an is toiced thiougli this vahe to the patient When the 
lespiiatoi’ IS filling, the same vahe allows passne exhalation by the patient to 
the atinosphete and at the same time stops aspiiation of the patient’s expiied 
ail into the appaiatus The lespiiatoi’ has been pievioiisly deseiibed,” and a 
diagiani is shown in Fig 1 

This appaiatus has the advantages ot a laigc stioke volnmc and simplicity 
of management The huge and ceitain stioke volume allows one to hjpei 
ventilate almost am patient siiffieiently to piodiice slight hvpoeapnia and 
alkalosis and thus contiol the ventilation without lesistancc fioiii tlie patient 



Iig 1-—A dicigram of the construction of the respiratoi is slioun Tlie valve is placed aa 
close to the tracheotom> tube as possible 

III addition, a loose tiacheotomj tube can be used with the laige stioke so that 
piessuie neciosis does not oceui and sccictioiis can be blown up aiound the tube 
A precise legulatioii of stioke volume is not needed as excess volume is siniph 
bloivn past the loose tube In piactite, stioke volume and late aie initiallj' in 
eieased to piodiice apnea and then ledueed to a point just above that at which 
the patient makes lespiiatoi’y effoit At this level oi ventilation, aiteiial pll is 
usually mildly altalotic (pll 7 45 to 7 60) Bate and stioke aie subseQuentlv 
alteied to inatcli the patient’s demands and to maintain mild hypocapnia and 
alkalosis 

Iluiiiidification to pievent dijiiig of the tiacheal mucosa is an nnpoitant 
consideiation with the huge volume of gas used The lespiiatoi is equipped 
with a limiiiddiei but this was supplemented bj instilling 5 ml oi steiile saline 
into the tiaeheotomy tube even 30 miiiutis and, ni some instances, by eoniicet- 
nig an intiavenous saline diip to the tube neai the patient and lumiiiig this 
slowW Inadequate humidification was piohahlj the cause ot t’ ^ ili 

lepoited in this gioup of patients (Case 4, 'f ? . fc,, i 
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cliftuse tiaelieobionclntis, ho\\c\ei, and the poss.iI)iht\ cannot be excluded tliat 
■i i)neumonia was the initial taetoi lequiimg aid fioin the icspiiatoi 

A possible disadvantage ot a positive picssiiio lospiiatoi is the baiiiiful 
effect on eaidiac output Studies bj Cathcait and assoeiates,^ coiifiiined by 
woik ot llaloney,- and of Coiiiiiaiid and associates'' have shown a piogiessne 
dcciease in caidiae output as tlie mean cndotiachcal piessiiie is incieased We 
did not lecogiii/e aiiv significant changes in caidiao output in the patients 
lepoitcd lieie wlieii Uie lespiiatoi was used as desciibed Caidiae output iias 
iiioasuied in 2 iiaticiits (Cases 3 and 4, Table I) and was not touiid to change 
significaiitlj when the lespiiatoi was stalled In 3 othei patients not included 
111 this senes, no significant tlniiges in caidiac output oceuiicd witli the use of 
the lespiiatoi The necessity toi a tiaeheotoiiiy when the lespiiatoi is used is 
not a significant disadvantage Most patients with a dcgiee of pulnionaiv 
iiisufficiencY sufficient to leipiiie a lespiiatoi aie unable to icniove bioiichial 
seeiotions piopeih , so a tiachcotomv' is leipiiicd foi this leasoii alone 

0ISE RFPORTS 

The 10 cases in which the respiiatoi was used aio listed m Table I The 
7 patients with caidiae disease included 1 patient with an atiial septal defect 
and aeveie pulnionaiv livpeitcnsion, 1 with a ventiiculai septal defect md 
model ate pulmoiiaij- hvpei tension, 2 patients wnth tetialogy of Fallot, and 3 
with disease of the initial valve, aU 3 of whom had niodeiate pulnionaiv hvTSi 
tension The othci 3 cases included 1 with a flail chest fioni multiple iib iiae 
tines, 1 with lepeated heiniatioii of the lieait into the light pleuial cavity aftei 
a ladical piieiinioncetoniy, and 1 with lespiiatoiv insiifflcioncy fioiii a fibio 
thoiciv of 13 jeais’ duiation The lespiiatoi was used foi inteivals fioiii 1 to 42 
dav s All but one i ceov ei ed 

CvSE 1—E P, a 34}oarold woiinn, had d>simca and mile edema for 1 yeu Cardiac 
cathctenzation sho\\ed an atrial sept il defect nitli a pulmonary arterj pressure of bO/28 
min Hg ihe pulmonarj blood Ilow nas 1C txmes tlie sjstemic, and pulmonary arterial 
blood ^\as 79 per cent saturated, pulmonary \ascular resistance w is 0 38 of tiie systemic 
resistance The atrial defect was sutured during cardiopulmonary bypass on Peb 1, 1958, 
throiigk a right intercostal lucisiou Hei course is charted in Pig 2 Vlthough her im 
mediate postoperative condition was satisfactory (systolic blood pressure 100 mm Hg, 
arterial blood pH 7 44, blood volume SO ml per kilogram), a progressive Inpotension and 
e asocoustrictioii de\ eloped in tlu nc\t IS hours with a seNcre metabolic acidosis iivelve 
grams of sodium bicarbonate were given lutraeeiioush toi blood pH \alues as low is 7 15 
An intusion of noiepiiiephnno was used to maintain the s\stolic blood pressure at 90 mm 
Hg The patient became comatose and increasingly dyspneic, although there was no 
cyanosis and the chest roentgenogram showed no gioss abiiorinahty She appeared in 
extremis 20 hours after operation As a last resort, tracheotomy was done and the respiia 
tor connected when the arterial pH was 7 22 Her condition promptly improved with the 
respirator, the pH using to 7 28 and then to T bO 12 hours later The vasopressor drug 
was gradually stopped over tho next 18 hours as the iiatient’s condition steadily improved 
The respirator was gradually stopped over the fourth and lifth postoperitive davs and 
‘.ul sequent conv ilescence was uneventful 

Comment Seveie hypoteiis,ioii and metabolic acidosis subsided with tlie 
use of a lespiiator iii a patient with incieased piihnonaiy lesistance and an 
atiial septal defect 
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CA.Sh 2. G, L., agt'tl 14, had repeated respiratoiy infections and -rrou-th retardation 
f'r^rv ''""f ‘b-spnea or congestive failure. Tiie pnhnonarv 

D-Ls * thror I ^ ,’-/r "’iis sutured during cardiopulmonary hv- 

Vn • r f' anterior thoracotomy. Tlie pulmonary artcrj- systolic pre.ssu're 

feU with closure of the defect from SO to 53 mm. Hg. Twelve hours after operation, an 
acute liyimtensiou began that soon w.a.s associated with a serum sodium of 125 mEq. per 
liter and hemoconeentration with an hematocrit of 54. The hypotension mas refractorv to 
vasopressor drugs but responded to hypertonic saline. Progres.sive dyspnea on the second 
lostoperative day was not relieved by a tracheotomy, so the lirdreh respirator was began 
4 hours later. Dyspnea was promptly relieved, and the hypotension improved. The pH 


Post Operotive Metabolic Acidosis and Hypotension 



Operolion 

ended POSTOPERATIVE DAYS 

12 p.m. 


Fig. 2.—^Tlie response of postoperatis'e liypotenslon and metabolic acidosis in Case 1 to a 

respirator Is siiown. 


3 hours later was 7.5S, He improved rapidly and within 12 liours the respirator and 
vasopressor were stopped. He remained in moderate congestive failure with elevated 
venous pressure and hepatomegaly for the next several days but gradually improved and 
Avas discharged in good condition on the twentieth postoperative day. 


Comment: Hypotension anti tlyspue.i, probably from cardiac failure, re¬ 
sponded. promptly to tlie use of the rcspii'ator after repair of a ventricular 
.septal defect. 


3._V. C., aged 21, liad moderate dyspnea from a tetralogy' of Fallot ivitli cyanosis 

and an hematocrit of 50 per cent. The ventricular septal defect was closed ami an infundibu¬ 
lar stenosis excised on Oct. 15, 195S, with cardiopulmonary bypass and a median sternotomy. 
The right ventricular systolic pressure fell from 90 to 30 mm. Hg. Her postoperative course 
is charted in Pig. 3. ProgessLvO dyspnea and liypotension gradually developed over the next 
8 hours. Cardiac output wa.s estimated at intervals from o.xygcn consumption and blood 
samples obtained through small plastic catheters in tiio pulmonary and femoral arteries; this 
.showed a striking reduction of cardiac index, 1.5 L. per minute 8 hours alter operation with 
an arterial o-xygen saturation of 94 per cent. The arterial oxygen saturation subsequently de¬ 
creased to 82 per cent in spite of an oxygen tent. A traelicotomy was done H hours after 
operrtion with'a rise iiv oxygen saturation to 88 per cent; dyspnea remained, however, and 
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tho Mdrcli rcspiiator \\as started at this time. The arterial oxygen saturation rose to 93 per 
cent and her condition, steadily improved. Several hours later the cardiac index had risen to 
2.8 h. per minute and the arterial oxygon saturation ivas 96 per cent. Tliioughout tliis period 
tlic pH of tho arterial blood ranged from 7.36 to 7.58. The respirator ^\as gradually stopped 
on the sixth and se\euth postoperative days and her subsequent convalescence was uneventful. 

Comment: The cause of the low cardiac outptit, anoxemia, and ventilatory 
insufficiency is unknown in this patient witli a tetralogy of Fallot. The response 
to the respirator was prompt and sustained. 

Case 4.— B. B., a 19*year*ol<l girl, had marked limitation from a tetralogy of Fallot 
witli djspnea, cyanosis, and an hematocrit of 74 per cent. A left subclavian-pulmonary artery 
anastomosis had been performed in 1945. On Nov. 7, 1958, the ventricular septal defect uas 
closed, tho infundibular stenosis excised, and tho subclavian-pulmonaiy anastomosis closed 
tlirough a median sternotomy and with cardiopulmonary bypass. The right ventricular 
systolic pressure decreased from 145 to 32 mm. Hg. Six hours after operation tho blood 

Ccrdioc Output Following Operotion 



Fig. 3—The response of postoperative anoxemia and low caidiac output in Case 3 to a 

respirator is shown. 

pressure was 70/50 ram. Hgj she was dyspueic and slightly acidotic (pH 7.31). A 
traclieotomy was done and the respirator begun. Dyspnea was satisfactorily controlled by 
the respirator, but throughout the reiiiaiudcr of her hospital course she uas unable to 
ventilate satisfactorily without it. Samples of mixed venous blood obtained through a small 
plastic catheter left in the pulmonaiy artery at tho time of thoracotomy showed a low 
oxygen content, indicating a low cardiac output. This persisted and never reached a 
normal level. After the seventh postoperative day, resistance to ventilation progressively 
increased; bronchial secretions were profuse, purulent, and removed ivith diflieultj'. 
Soveial episodes of acute ventilatory obstruction were relieved by vigorous suctioning and 
by bronchoscopy on one occasion. The episodes of respiratory obstruction progressively 
increased in severity and the patient died on the eleventh postoperative day. Autopsy 
showed diffuse purulent tracheobronchitis with pneumonia involving all lobes of both lungs. 

Comment: Dyspnea, hypotension, and metaholic acidosis wore present soon 
after correction of the tetralogy of Fallot. Ecspiratory insufficiency required 
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tlie constant use of the respirator for 11 days before the patient died of a diffuse 
traelicobronchitis. 


Cask a. ,T. F., aged 37, had mitral insuilieieiicy witli severe congestive heart failure, 
iicpatoiiiogjily, and pedal edema. Cardiac catheterization sliowed a pulmonary artery 
pressure of Sd/Sd mm. Ilg and a loft atrial pre.s.sure of 50/l>0 mm. Ilg. The mitral valve 
was repaired with cardiopulmonary bypass through a right thoracotomy on Dee. 22, 195S. 
The imsuniciency came from tu'o perforations in the aortic leaflet of the mitral valve, 
probably a result of baetorial eiulocarditis. After tiie perforations were sutured, the 
mitral valve seemed competent; .sul).sefpicnt left atrial pressures were 10 to 15 mm! Ilg. 
Re-operation was necessary on the third postoperative day because of persistent bleeding 
from a lacerated internal inaininary vedn. following the second thoracotomy, dvspnca 
progressively iucrea.sed in severity. Bronchial secretions rvere profuse with uumeroiis rides 
throughout the chest. The patient Ijeeaiuo disoriented, with a blood urea nitrogen above 
40 mg. per cent. A tracheotomy on the seventh postoperative day resulted in some im¬ 
provement; the arterial blood plf iifter tracheotomy was 7.30. Severe dyspnea remained, 
however, and several hours later the respirator was begun. Tliis promptU' controlled the 
dyspnea and his condition became .stable. The serum biearijoiiatc was 32 luErj. per liter 8 
hours after the respirator was started and fell to 27 iiiKij. per liter 24 hours later. The 
respirator was used for 3 days, after which it was gradually stopped over a 24-houv period. 
The patient was discharged in gooil coiuiition on the twenty-eighth postoperative day. 

Comment: Cavdiac failure, profuse broneliial secretions, and fatigue re¬ 
sulted in marked dyspnea, respiratory acidosis, tiiid azotemia which were con¬ 
trolled by the use of the respirator for day.s. 

Cask 0. — A. E., a 54-yoar-old woman, had mitral stenosis and insufficiency with dyspnea, 
licpatomegaly, and ankle edema. She had spontaneously recovered from a massive arterial 
embolus to the lower o.\tremities 1 year earlier, but femoral pulses were not palpable and 
bilateral intermittent claudieation was pre.seiit. Cardiac catheterization showed a pulmonary 
artery pressure of G1/2S mm. Ifg and a left atrial pre.ssure of 20/17 mm. Hg; the end 
diastolic gradicjit across the mitral valves was 5 mm. Ilg. Because mitral insufficiency was 
considered the dominant defect ajid also because of the previous arterial embolism she was 
operated upon tlirough a rigid posterolateral inei.sion witli cardiopuliuonur.v b.ypass on Alay' 2, 
195S. A stenosed mitral valve, less tiuin 1 cm. in diameter, was found in which there was little 
insufficiency. Both commissures were split to produce an opening over 2 cm. in diameter with 
little change in the regurgitation. A thrombus was removed from the left atrial appendage 
and the appendage closed from within the left atrium. The left atrinl systolic pressure jo- 
mained in the range of 2a to 30 mm. Hg alter operation. Cardiac failure became pio- 
grcssively more severe in the first few' days after operation. On the second postopoiatbc 
(lay, the arterial blood pll was 7.3G and tlie plasma bicarbonate 2G mEcp per liter (Table 
II), On the fourth postoperative day dyspnea \vu3 more severe, with episodes of mental 


TAiUiE 11. Case 6. Blood CiiEMtcAL Guaeges 


I'O.STOI*El:.VTl VE DAY 

AUTEIUAL 1 

pH i 

SEBUM mCAUBONATE 

(iiiEcp/L.) 

i 

7.41; 7.34 

27 

O 

7.30 

26 

4 


28 

7 


31 


BLOOD UUEA NITKOUEE 
(mg. %) 

30 

32 

50 

04 


Jlcspiraior hcijun ~ 
4 hours later 
10 hours later 
8 
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7.58 

7.00 

7.7; 7.57 


33 

31 


26 
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confusion, plasma bicarbonate was 28 niEq. pu liter. On tlio '^e\entli postopeiatue diy 
(Ijspnca was so extreme that tho patient was coniatovo with ineftcctuo ga&j>ing respiration, 
a plasma bicaiboiiate was 31 uiEq per liter and blood uiea nitrogen was 154 mg. per cent. A 
tracheotomy was done and the Morcli respirator begun Ten Iiours latei, the pU of arterial 
blood was 7.0, tho following daj the pll was 7 7 and subsequent!} 7.57, plasma bicarbonate 
was 33 mEq jier liter Forty eight houis after the respirator was begun the patient was 
alert and respousue, the urea nitiogen had fallen to 26 mg. per cent The respirator was 
graduall} stopped between the ninth and the eleventh postoiierative da}S and the patient 
was discharged in good condition on the twentj cightli postoperative daj. 

Comment: Ctiidiac and lespiratoiy failuie, resulting in eonia, lespiratoiy 
acido&is, and azotemia, -weic coiiti oiled with the use oi the lespirator for 4 days 
All earlier use of the lespirator was iirohahly indicated 

Case 7 —V, G , a 43 year old woman, had progressive cardi.ic failure fioni mitial \ live 
ilisca'>o witli d}spnca, hcpatomegal}, and ankle edema Mitral insuflicienc} was thought to be 
tho predommaut lesion On Feb. 28, 1958, through a right anterolatcial mci&ion, cardio 
pulmonary byiiass was used to allow visual cxamiinitiou ot the mitral valve The initial 
diignosis proved to be incorrect, howevci, as severe mitial stenosis was found with a valve 
opening only 5 to 0 mm. in diameter Tncuspid insufficienc} was present but no mitral m 
sufficienc}. A svtisfictor} commissurotomy was pei formed which produced minimal reguigita 
tion A largo thrombus was lemovcd from one of the pulmonai} veins during the procedure 

A left hcmiplcgu was noted on recoveiy from anestliesia, and ventilation was iii 
adequate A tracheotom} was done and the Moich respirator applied Tlie first 3 dajs after 
opoi.ition were characterized by coma, hjpotcusion, elevated venous pressuie, and oliguria, 
vasopressor drugs were used foi 43 hours The arterial blood pll ranged from 7 43 to 7 37 
in the fiist 4 days, and the arterial oxygen saturation 3 days after operation was 99 per cent 

Tho patient remained comatose with severe caidiac failuie ior scveial weeks. Tho liver 
was enlarged below the umbilicus and peripheral edema was present Attempts to stop the 
lespirator lesulted m m irked cyanosis and d}8imea until 38 dajs after opeiation blic was 
sulisequently taken oft. the rcspuatoi for an increasingly longer pcuod until it was stopped 
complctel) on the forty tliird day Gradual improvement of tho hemiplegia occurred and 
when she was discharged from the hospital 2 months after opeiation slio was able to walk and 
had paitial use of her left aim 

Comment: Respiratory insufRciency lesulting from caidiac failuie and 
hemiplegia would suiely have been fatal without the piolongcd use of the 
respiratoi 

Case 8 —B L, age 30, was Iiospitahzed on Bee 11, 1956, following a crushing injur) 
to the chest m an automobile accident lUl 12 ribs lu tho loft hemitliorax were fractured, and 
the first, eighth, and ninth ribs in the right (Fig 4) Model ate subcutaneous emphjsenia 

was present but no pncumotlioiax Only a moderate uivtabiJity of tJie clicst wall was present, 
but the patient gradually became more and moio dyspneic Ills subsequent com so is charted 
m Fig 5 A tracheotom) 12 hours after admission did not relieve the d)si)nca Anal)sis 
of arterial blood showed a pH of 7 15, an ox)geii saturation of 77 per cent, and a carbon 
dioxide content of 51 volumes per cent. Artificial respiration was begun with the Morch 
respirator with rapid improvement in tho patient’s color and gcuoral condition Twentv four 
hours later the arterial blood pH was 7 55, the carbon dioxide content 47 volumes per cent 
and the oxygen saturation 94 per cent Sub^icquciit detormmatious were within normal limits 
The respirator was graduall) stopped from the fourteenth to tlie twent) first day following 
tlio injury, and the patient was discharged in good condition 30 da)S following injur) 
(Fig 6). 
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Comment; Severe respiratory insuffieiciiey irom a flail chest was not re- 
lie\ ed b} tracheotomy but was promptly controlled with the respirator. 

C.VSL <).—A. n., ago o4, Jiad a radical right piicuinonectomy ou Sept. 3, 1058, for a 
urge bronchogenic carcinoma. A largo amount of pericardium uas lemoved and tlie peri- 
cardul MIC left ru communication with the right pleural cavity. Two additional thoracot- 
onues were re<iu.red in the nc.vt hours for shock re.sulting from herniation of the heart 
nto the right pleural cavity. This herniation was precipitated by periods of dyspnea 
and re.stlessness during which time the patient would not remain on his left .side as 



Fig. 4.—Chest roentgenogram following trauni.a in Case S. Ail twelve ribs in the left chest 
are fr.ictured. as well as ribs 1, S. ami 3 on the riglit. 


prescribed. After the herniated heart had been replaced the third time, a tracheotomy 
was performed and the ildrch respirator begun. The respirator controlled the dyspnea 
and restlessness, and it was possible to keep him comfortably on his left side for -I day.s, 
after which the respirator was stopped and further respiratory insuHiciency did not occur. 

Comment: Dyspnea and liypotcnsion in this patient prevented proper posi¬ 
tioning to avoid herniation of the heart until respirations were controlled with a 
respirator. 

C.\SK 10.—C. tv., nge 41, had severe respiratorj' insuHiciency from a fibrothorax which 
followed pneumothorax therapy for tuberculosis 13 yeans before. Slie \\as totally in¬ 
capacitated with dyspnea and moderate right heart failure. The vital capacity was 1,400 ml., 
the maximum breatiiing capacity 51 L. per iiiiautc, the arterial oxygen saturation SO pei 
cent, and the pulmonary artery systolic pressure 90 mm. Ilg. After many preoperative 
studies and muck deliberation, a decortication was undertaken ou JIar. 15, 1957. A complete 
decortication was possible, but a massive hemothorax caused increasing respiratory insuf¬ 
ficiency over the next 48 Iiours. At this time the patient almost died in acute respiratory 
failure, but slie was resuscitated with an emergency tracheotomy, evacuation of tlie hemo¬ 
thorax, and maintenance of the respirations with a respirator. After the respirator had been 
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Changes in pH ond Arterial Oxygen 
Saturation Following Trauma 



Fig 5—The response to a rc'^plrator of anoxemia and lespiratory acidosis caused by a 
flail chest In Case S is shown The response to tracheotomy without a respirator was not 
satisfactory 



pjg b —Chest roentgenogram IS days following injut) In Cast, 8 The subcutaneous 
scmi his subsided the resphator was stopped on the tuentj first d 
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used for^ -IS hours the iirterhil oxyyeii suluratiou was 85 per eeut, the pCO, 40 nun. Hg and 
tlio pH 7.28. Attempts to stop the respirator over subseciuent days resulted'iu severe dyspnea 
and cyanosis witli arterial oxygen saturations of 80 to 45 per cent. Tiie respirator was con¬ 
stantly required for 5 weeks, after which it was gradually .stopped by the forty-first post¬ 
operative day. When discharged from the hospital months after operation o.xygen 
saturation was only 7u per cent, pCO- 35 mm. Ilg, and the pll 7.42. The patient’s exercise 
tolerance steadily improved, however, and « months later she was able to walk 18 blocks with 
no dyspnea whatever. 


Comment: Because ol' .severe respiratory insufficiency, a respirator was 
needed for this patient for 6 weeks following decortication of a long-standing 
fibrothorax. 


mscussiox 


Etiology of Respiratory Insufficiency. —The respiratoiy insufficiency in the 
3 patients with pulmonary disease (Cases 8, 9, and 10, Table I), was caused by 
the mechanical effects of the disea.se pre.sent—a hail chest, a pneumonectomy 
and cardiac herniation, and a chronic fibrothorax, respectively. The cause of 
the insufficiency is less obvious, however, in the 7 patients with cardiac disease. 
Cardiac failure, pulmonary hypertension, and temporary decrease in pulmonary 
function from thoracotomy are possible causative factors. Patients with chronic 
cardiac failure, which was pre.sent in 3 patients with mitral valve disease (Ca.ses 
5, 6, and 7, Table I), often have severe cardiac failure after mitral commis¬ 
surotomy. This tendency is well shown by the stormy, and often fatal, post¬ 
operative course following digital commissurotomy for jnitral stenosis in 
patients with intractable congestive failui-e (.so-called Class 4 jfatients).' 

Pulmonary hjqpertension, which was present in 5 of the 7 patients, is also 
often associated with postoperative difficulties with ventilation and hypotension. 
These difficulties may arise from the fact that anoxia markedly increases pul¬ 
monary vascular resistance. A degree of anoxia easily tolerated by a patient 
whose pulmonary artery prc.ssure is normal may be disastrous to the patient 


with severe ijulmonary liypertension. 

The cause of the ventilatory insufficiency in the 2 patients with tetralogy 
of Fallot (Cases 3 and 4, Table I) is not known. Neither had cardiac failure 
or pulmonary hypertension before operation. Both had a marked decrease in 
cardiac output after operation from unknown causes: 1, No. 3, had potassium 
asystole during’ b^^passj the other did not. Bxpei'imental studies of pulmonai}’ 
function following cardiopulmonary bypass by Schramel, Creech, and asso¬ 
ciates'^ have shown a decreased pulmonaiy diffusion capacity for several days 
after operation. The cause at present is unknown. 


Indications for Use of Respirator. —Dyspnea, progressing to plysical e.x- 
hau.stiou and coma in some patients, was the clinical indication for the use of 
a respirator in the 3 patients with mitral valve disease (Cases 5, 6, and 7) and 
the 3 patients with pulmonary di.sease (Ca.ses 8, 9, and 10). Severe hypotension 
and metabolic acidosis, not responding to blood transfusions and vasopressors. 



\oI 38 \o 6 M.vniQEMENT OP EESPIBATOEY IN&TJPPICIBNOY 76q 

December 1959 

wcio the judications foi tlie lespiiatoi in 2 patients (Cases 1 and 2) Modeiate 
djspnea was also piesent A lespnatoi was used foi tlio 2 patients nith 
tetialogy of Fallot (Cases 3 and 4) because ot a eombuiation of dyspnea, aitonal 
ovygeii imsatuiation, and low caidiac output 

The lespiiatoi Avas used oiilj attci othci siniplei ineasuies had failed 
These ineasuies included high humidity, endotiacheal suction to lemove secie 
tions, bionehodilatois, soiiietnnes aininophjllmo and lijdiocoitisone Caidiac 
failuio was tieated uith digitalis, dnuoties, and fluid lestnctioii, and iiioasuie 
ment and legulation of blood volume Attempts to manage the patients with 
tiaeheotomy alone ueie used in most instances, and the lespiiatoi begun only 
when tins was unsatisfaotoi} Oni hesitation to use the lespiiatoi is evident 
fiom the fact that some of the jiaticnts wcie diowsi oi comatose, hipotensive 
and sweating, with ineffectual icsiiiiation, when the lespiiatoi was started 
Although impioieiiieiit iiia} be diamatie under such oneiiiiistances, the les 
piiatoi piobablj should Iia\e been used cailici 

Remits —^Nino of the 10 patients made a satisfactoiy ieco\eiy The 
lespiiatoiy iiisuffieiency was so scicie in all ot these patients that siiivival 
without the use of the icspiiatoi was considtied nnlihelj The oiigin of the 
fatal pneumonia m Case 4 is unknown Aseptic piecautioiis weie loutmely 
eaiefully obsoned in the management of patients on the lespiratoi These m 
eluded washing ot the hands befoic tiaehcal aspiiation and the use of stoiilo 
catheteis Soiious lespiiatoiw infection did not doAclop in any of the 61 
patients tieated Avith a lespnatoi by Bjoik and Engstioin “ 

The faioiable outcome in G of the 7 patients with caidiae disease in tins 
senes Avas due to the tact that the icspiiatoiy insufficienoy was due to leveisiblo 
causes AVe Iuac unsuccessfully used the lespiiatoi in a few othei patients 
following caidiopulmonaiy byiiass Avho avcic seiiouslj ill Avith hypotension and 
coma in whom lespiratoiy msufficieiicy Avas not a piominent featuie Although 
lespiiatoiy function Avas sustained in these patients, ciiculatoiy failiiie and 
coma peisisted and ended fatally 

Oiu piesent coiieeiit of the Aaluc of the lespnatoi is to snppoit the patient 
dttiing a peiiod of tiaiisient decieasc in lespiiatoi’y function If the lespiia 
toiy insufficiency is seeondai> to ciiculatoiv failme that does not impiove, the 
lespnatoi Avill not be of value Patients avIio iiisa most fiecjuently benefit fiom 
the lespiiatoi folloAviug opeiation aie patients witli piilmonaiy hypei tension, 
often found with veutiiciilai septal defect, and patients with initial oi aoitie 
Aahulai disease Avith chionic caidiac failuic befoie opention 

SUAIAI ARY 

Ten patients Avith seveic iispnatoiy insiifficieney weie tieated with a 
Aloich piston lespnatoi fiom 1 to 42 dajs Nino of the 10 patients lecovcied 
The lespiiatoiy insufficiency lesulted tiom chest A\all tiauina in 1 patient, 
folloAved pulmonaij suigeij m 2 patients, and folloived caidiac siiigciy ivith 
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carcliopulnionary liypass iu 7 patients. In these 7 patients the cause of re.spira- 
toi'y insufficiency was often uncertain. Chronic congestive failure and pul¬ 
monary hypertension before operation were tlie most likely causes in some of 
tlie group, but in others the cau.se was unknown. 

A rcs])irator has not been frequently used for respiratory insufficiency 
resulting from cardiac disca.se. The experiences pre.sented here suggc.st that 
postoperative respiratory insufficiency following cai-diac surgery may be success¬ 
fully treated in some patients with a re.spirator until recovery of re.spiratory 
function occur.s. 
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THE INTRATHORACIC COMPLICATIONS OF 
SUBPHRENIC ABSCESS 


Dttt id P Bo)d, D , Boston, jMass 

O TCB 100 patients Mitli subdiapliidgnidlit space micctioii Jiavc bcin tieitccl 
at tbo Laliey Clinic duiiiig the past 10 yeais An niteicstiii" gioup ot 
piobleiiis has lesulted, due to a laigo suigieal stivice, mIucIi included coinplc\ 
and secoiidaij opeiations on the biliary tiaet, pancitas, stomach and spleen A 
pievious aitiele^ dealt nitli some eliangiiig eoiiccpts lel.itivc to the analoniy and 
pathology of the subpbrenic spaces These concepts will be biitfly loviowed 
befoie the complioatioiis of tins disease aie considered licie 

THE VMTOltl 01 TUL SUUI'HBEMC bPCCES 

The time lioiioied anatomic and pathologic concepts of Barnard* have been 
widoh accepted* * and aie to be found in standaid textbooks o£ surgciy Pioin 
the anatomic staiidpoiiit it is commonly bclieyed that the coionaiy ligament 
diiides the supeiioi snifaec of the hcei into antciioi and posteiioi eompart- 
nieats Thus, anteiioi and posteiioi spaces are desenbed on both sides and 
the nomenclature becomes etimbeisome and confusing The basis for this con 
fusion IS the fact that spaces are dcsciibed which do not exist 

Fig 1 shous how tins misconception icgaiding the position of the core 
naic ligament causes confusion The impoitant considciation is tint the coio- 
iiaii ligament suspends the Inei not fioin above, as shown in tins drawing, 
but fioiii the dorsal aspect of the alidominal wall 

Pig 2 shows the anatomic relationships of the supiahcpatic area as wc 
iindeistand them Thus, on the light side thcie arc only two spaces—one above 
the licei and one below The space which is usually designated “nght jiostciioi 
supenor” does not exist Tins can bo icadilv confiniicd at Japaiotomy or in 
the dissecting loom Since the light posteiioi supciioi subphreine sjiaec is 
considered the most common site of mfcction, the importance of tins point ot 
confusion is apparent 

Pig 3 a Cl OSS sectional drawing, shows how tlie misappichcnsion may 
he fuithei piopagated In this drawing-, the coionaiy ligament and the bare 
aiea are shown in a supenor position, thus gixiiig use to the appearmce of 
an anteiioi and ])Osterior space on the right and left sides Study ni the anat 
oitiy labontun shows that no such space exists on either side 

From tie Dep-irtment of Surgerj The Clinia Boston ilasy 

Read at the Thirt> ninth Vnnual Meeting of The Vinerican \j!jiocUtton for Thoracic Sur 
ger> at Iris \ngelcs Calif \pril 21 -3 19sJ 
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PERITONEAL REFLECTIONS OF UVER 


DIAPHRAGM Surface of Liver AtfacKed 4o Diaokraom 



Pig. 3.—Usual type of ihawiiig suggostinur the piesence anatomically of anterior and 
posterior spaces on both sides The spaces Indicated above and designated “posterior superior 
space" on the light and “posteiior sp*ice“ on the left do not exist Actually, the bare area 
and both triangular ligaments arc considerably mote posterior tlian the diagiam suggests 



/es 


Fig 4.— 1 , Right posterior subhcpatic abscess This Site may be readily drained extra- 
pleurally and extraperltoneally below oi through the bed of the resected Uvelfth iib (Oclisner; 
Fig. 2 i). This type of collection is often teimed “right posterior subphrenic" in standard 
texts. 

Z, Right posterior subphienic abscess It is obvious now, when the anatomic relations 
of the coronary ligament are carefully drawn, that this abscess is considerably above the 
pleural reflection Therefore, it can be drained only by some modiflcation of the Trendelen¬ 
burg approach. 

3, Right anterior subphrenic abscess The approach to this part of the subdiaphragmatic 
space is a subcostal incision on the right going extraperitoneally and extrapleurally (Ochsner). 

4, Typical right anterior subhcpatic abscess easily reached through the existing right 
rectus or subcostal incision 


Fig. 1—The right triangular ligament is usuallv depicted as dividing the superior sur¬ 
face of the liver Into anterior and posterior spaces This error is sometimes even more exag¬ 
gerated tlian shown above The proper anatomic relationships are shown in Fig. 2. 

Fig 2 —The very large areas occupied by the subphrenic and subhepatic spaces on the 
right side are shown n. The various approaches to these spaces are Indicated: i, twelfth 
nb extraseious route (Ochsner) : 2. Trendelenburg transpleural route. The technique of su- 
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PATirOLOCllG AKATOMY 


luoiu llie clinical and patUoIoj^ic staiulpoinl, the above remarks regarding 
anatomy represent an ovei-simplifieation. The normal anatomy slionld be clearly 
iinderstood befoi’o i^atliology is considered, however. The presence of loeula- 
tions in the subphrenic and sublicpatic areas malce.s it e.ssential that the site of 
infection be localized more preeiselj-. 


It has been emphasized that the subphrenic and subliepatic spaces are 
huge, particularly on the right side. Characteristically, these large spaces 
become subdivided about their mid-points by the formation of pyogenic mem¬ 
branes. We are therefore com])elled to acknowledge the presence of anterior 
and posterior subphrenic and anterior and posterior subhepatic abscesses. 
Fig. 4 shows typical collections. 


COUPiaCATIOXH 


The complications of subphrenic space infection are chiefly intrathoracic, 
since the septic process frequently spreads through the diaphragm into the 
pleural eavitj- or into the lung. Purulent exudate has a tendency to try to 
escape, and the soft diaphragm and lung constitute a le.ss formidable barrier 
than do the rigid liver and posterior parietal .structures. In I case, however, 
purulent exudate from an anterior subi)iirenic abscess on the right side per¬ 
forated into the general abdominal cavity with diffuse peritonitis and rapid 
fatality. 

The intrathoracic complications of subdiaphragmatic absce.ss will l)e dis¬ 
cussed briefly under three headings; (1) serous effusion, (2) purulent sub- 
phrenie infection Avith perforation into the thorax, and (3) olxstruction of the 
biliary tract Avith subdiaphragmatic biliary abscess and intrathoracic eom- 
nnuiication. 


Serous Effusion .— 


We have been interested in the nature and characteristics of the serous 
effusion Avhich so frequently accompanies subdiaphragmatic abscess. We have 
learned that it is usually ipsilateral, but not always. It is seldom massive in 
amount unless cardiac disease is also present. It may be in CA'idence Avith sub- 
hepatic infection, but this is luiusual. In most instances it indicates infection 
above the liver. 

In a fCAV instances, avc have had the opportunity to study this fluid and 
have found that it is clear, pale yellow, and has a high neutrophil and protein 
content. It has ahvays been sterile on culture. We Avere not able to determine 
any particular point of onset of this fluid in the course of subdiaphragmatic 
infection. It has not proved to be a therapeutic problem in anj^ Avay. 


Subphrenic Infection With Intrathoracic Communication,— 

If the pleural cavity is free, perforation of purulent exudate into the chest 
produces empyema. This may be massive and result in very rapid toxicity; 
thus, unless prompt drainage of both thorax and subphrenic area is provided, 
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death may eimuo. In our experience, wlicii prompt drainage of both spaces 
has been carried out, the lung has rapidly I’c-expanded and healing has 
occurred. 

In the cases in which pleural symphysis is present, however, a fistula forms 
between the subphrenie area and the bronchial tree. This condition may follow 
one of two general forms. An acute fulminating type of necrotizing broncho¬ 
pneumonia may occur, with rapid toxicity and death, or the course may be 
extremely indolent. The following ease reports illustrate these categories. 

A 42'year-Qld man admitted to the hospital m June, 1944, with the diagnosis of 
carcinoma of tlie pancreas. Tlii.s diagnosis uaa not substantiated at laparotomy, and the 
abdomen uas closed. Comalesccnce was smooth and the patient was discharged 2 iveeKs 



Fig- 5—lilarkeii eIe\atlon of right leaf of tliaphragm m a patient ^\>th perforation of a sub- 
pliienic abscess into the bronchial s>stetn 

following operation. Two jears lutei, in July, 1950, lio was readmitted. Ho had been in 
the hospital at his home town for a week or two with unexplained fever and, ou the d.iy before 
admission to the Lahey Clinic, had experienced a sudden epr''Ode of copious expectoration with 
rapid de\elopment of djspnea and toxicity. 

The clinical picture and the x-ray studios (Fig. 5) suggested subdiaplir*igniatic abscess 
ou tlio right side with perforation into the right lung and bronchial tree. Drainage of the 
subphrenie space was carried out, followed by tracheostomy. The patient improved for a 
few hours but became increasingly ill and died. 

A number of these patients have survived, but this case is cited because 
of the fact that a postmortem examination was obtained. This re\ ealed clu'onie 
pancreatitis without any evidence of purulent exudate anywhere except in the 
right suprahepatic space. This space had been adequately drained. 
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Ihis ease iil.so illustrates the clironieity which is possible in subiihrenic 
abscess. A puruleivt collection had i)rcsuniably been present above the right 
lobe of the liver for 2 years without sytni)toins before i)erforation into the 
thorax occuiied. It also demonstrates the severity of the resulting necrotizing 
bronchitis and bronchopneiunonia. 

Perforation into the chest may irot be such a dramatic phenomenon in 
some cases, however, and may be almost of the occult variety. 


Au lS-_ve:ir-olcl boy was seen at the eliiiie following j)erforation of an ileostomy with 
a catheter. Tiie stoma was revised, and an attempt made to liiise out the abdominal cavity 
as well as possible. 

A few month.s later, thi.-, boy was admitted with fever and leukocytosi-.. He stated 
tliat he had failed to gain weight. Roeiitgenographic e.vamination was strongly suggestive 
of right subphreuic abscess (Fig. ti). This absce.ss was found and draine 1. During con¬ 
valescence, Lipiodol was instilled into the sinus above the right lobe of the liver in order 
to determine its si/.e. and tilling of the bronchial tree resulted (Fig. 7). 



6.—^High fixed diaphragm with air fluid levels on right, indicating subphrenic abscess. 
Fig. 7 .—Instillation of dye into subphrenic space with filling of bronchial tree, indicating 
perforation of a subplirenic abscess into the lung. 


Experience has shown that when drainage of the subphrenic area is carried 
out, the pulmouar.v lesion will usually heal. In most cases, lobectomy yuU not 
be necessaiy. 

Biliary Communications With the Intrathoracic Cavity — 

In the course of our work with postoperative strictures of the bile ducts, 
we have eucouiitercd a number of patients in whom, following secondary or 
complex operations, subdiaphragmatie collections of bile have developed. These 
collections in turn have, at times, perforated into the thorax. Again, two sets 
of circumstances are possible. If the pleura is free, a large collection of bile 
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I ^ have had experience with 3 patients who presented themselves adtli pulmonary prob¬ 
lems. ihe outstandinrc symptom in each ca.se wa.s hemopty.sis associated witli mucopurulent 
sputum. 

[Slide] 'the tirst ea.se wa.s a u)an who pre.sented himself with suspected carcinoma of 
the lung with hemoptysis, mucopurulent .sputum, weight loss, eaehe.xia, and an opacity in 
the right losver lobe. An interesting finding on bronchoscopy was that the anterior medial 
basal segment was hyjjcrcmic and tlio pus .seemed to be coming from that area. 

In going back into his hi.story, ho had had previous biliary disease; jaundice the year 
before. At exploratory operation, he was found to have an absence of tlio gall bladder. 
On careful examination we found a slightly tender anterior bulge of the right lower chest. 
This turned out to be tlie subphrenic ab.sccss, whicli was drained, and the patient made a 
eomplcto recovery. 

Thi.s roentgenogram is an anterior posleroanterior projection of the same patient show¬ 
ing the suspect right lower lobe involvement. 

Another ea.so was that of a woman who also presented herself with a primary picture 
of pulmonary disea.se, expectoration of pu-s and blood. Again on bronclio.scopy it was noted 
in this particular ca.se that the anterior medial basal .segment of the right lower lobe was 
also involved with hyperemia and pus coming from this area. 

A history of gall bladder disease was elicited. A subphrenic abscess was suspected, 
discovered, and drained. The ])atient made a good recovery. 

Tho next case—I am .soriw I don’t have a slide to sliow—was a most interesting ca.se, 
because tlie patient was admitted as an emcrgenc}' due to massive exsanguinating hemoptysis. 
An anterior biliary fistuloms drainage tnict in the epigastrium was closed. The etiology of 
the fistula wa.s never tlioroughly cstabli.s-hed. Subsequent to fistula closure, the patient coughed 
bile and developed mas.sive hemoptysis which required a lingulectomy because tlio fistulous 
tract extended from the loft lobe of the liver to the lingula. This was demonstrated by 
brouchogram preoperatively. A life-saving lingulectomy was done. 

Subsequently, the patient has had an abdominal exploration. No tnie cau.so for the 
biliary fistula could be established. The origin of the fistula was from tho anterior portion 
of the left lobe of tho liver. A jojunobiliary anastomosis was made and the patient made 
a good roeoveiw. 

Tlie pulmonary disea.se subsided only after the underlying subphrenic pathology was 
adequately treated. 

DR. DUANE CARR, Memphis, Tenn.—I wish to thank Dr. Boyd for bringing a very 
important subject to our attention, and I would like particularly for tbo younger men to 
note how carefully Dr. Boyd sutured the pleura to the diaphragm before he crossed the 
pleural space. Of eour.se it is impo.'isiblo to .suture it if one is going to put a trocar, needle, 
or what-not across the pleural space in searching for an ab.sccss which he may be unfortunate 
enough to find by needle, thereby contaminating the pleural space very thoroughly. For that 
reason some of us who have dealt with these abscesses over a number of years hesitate to 
probe for them witli needles. 

What Dr. Boyd lias said, with which I agree completely, applies to the pyogenic or 
pyrogenic infections, I think without exception. I would like to ask him what his attitude 
may lie toward a surgical approach to the iiure amebic subphrenic infections, including liver 
abscesses. In our experience we have not done nearly so well with these by a surgical ap¬ 
proach as we have with the pyogenic organisms. 

DR. ADRIAN LAifBERT, New York, N. Y.—I recently had occasion to summarize 
the cases of subphrenic abscesses at Roosevelt Hospital between 19-10 and 19o7. In this 
<'roup of 29 patients on whom 33 procedures were done, the relevant fact is that 93 per cent 
of these patients presented themselves with pulmonary complications, includjng an elevated 
diaphragm in 78 per cent, atelectasis in 63 per cent, pain and pleurisy in ofi per cent, an 
the presence of chest fluid in 50 per cent. 
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TJio ‘second point tint I think is of interest is that in these iiatients the inter\al of 
time bcU'ceu the development of the subphrcnic ab^scess and the tune that they were drained 
was twice as lonjr m those who had antibiotics as m thO‘>e who didn't, showing tint the anti 
biotics will inisk the sjmptonis of subphrenic abscess; and the usual pain, ‘splinting of the 
abdomen and so forth are not xirc^^nt when. you. have the patient under antibiotic tlieiapj. 

Two eiiiiijemas developed in this group, ami wc felt that they developed secondary to 
traumatic thoracentesis where the needle had been introduced into the abdomen through the 
pleural ‘^pacc, so that caution should be taken in aspirating the iileural fluid, so that the 
subphrenic collection is not drained traumatically through this aspiration 

DR. BOYD (Closing).—^In answer to the first discusser, I perhaps vhould have mule 
tlio point that the biliary type of complication is much more serious from the standpoint of 
lung destruction. In our exiiericnco it has also been necessary to do a lobcctomj foi lung 
disease after bronehobihary fistula- This has not been tho case after tlic ordinaiy tvpe of 
subphrenic infection witli bronchial fistula 

If there were time one would like to have paid tribute to former Presidents of tins 
Association and the present one, who have contributed much to our Isjiowledge of subpliremc 
disease 

In answer to Dr. Carr, I might say that this group which we have treated, although 
quite large, is m a sense a selected scries Very few of the‘50 patients with subphremc abscess 
have developed this complication following generalized jientomtis In other words, they have 
been mostly of our own doing, that!«», those abscesses have followed upper abdominal surgery 
which wo have done ourselves. This may be the reason why there Jiave been so many sub 
phrenic rather than posterior subhepatic abscesses. In this senes, Dr. Carr, we have not 
encountered any amebic abscesses, so that I am unable to answer vour question 



THE EARLY ELECTIVE SURGICAL APPROACH TO THE 
TREATMENT OF TRAUMATIC HEMOTHORAX 

Aloir/s M. Culiney, M.D. (by invitation), Benson B. Roe, M.D., and 
Orville F. Grimes, /M.D., San Francisco, Calif. 


T he prese-N'ce of blood in tiio pleural cavity represents a potential hazard and 
may prove to bo a difficult problem to manage. The severity of the condition 
and its management depend upon several factors; the volume of blood and its 
rate of accumulation, the possibility of contamination, and the tendency of 
blood to undergo loeulation and organization. Tlie success of conservative 
management of hemothorax depends upon the ab.sorptive capacity of the pclura 
and the ability to evacuate the pleural .space by means of a needle or thora¬ 
costomy tube. Repeated futile attempts at treatment by con.scrvative means, 
however, may only delay more definitive forms of therapy and increase their 
difficulties. The time reepured to absoi'b blood from the pleural sj)aee may 
serve to defeat con.servatism in the management of hemothorax. If the blood 
becomes clotted, the jjo.ssibility of evacuating blood through a tube or needle 
is lost and decortication becomes necessary to free the encapsulated lung. 
Preciuently a more aggre.ssive api)roach to the treatment of traumatic hemothorax 
not only amswers the unknowns in the problem but permits them to be brought 
under control and materially reduces the over-all morbidity and cRu’ation of 
treatment. 


Decortication of the lung is a well-accepted procedure in the treatment of 
clotted hemothorax. !Most observers recommend that -I to 6 weeks should elapse 
before elective decortication is attempted. This implies that the conservative 
approach to the evacuation of blood from the pleural space has failed. In 
civilian practice, when delays in evaluation can be kept at a minimum, the 
failure of conservative treatment should be recognized within several days. 
In these instances the thorax can and .should be evacuated completely by early 


elective thoracotomy. 

In order to assess our experience in the management of traumatic hemo¬ 
thorax and to justify early elective .surgical intervention in certain patients, 43 
case histories were reviewed. Jlost of these patients were cared for at the San 
Francisco General Hospital. This study extends over a period of 7 years, 1951 
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to 1958. Of tho 43 patients, 27 were treated with needle aspiration or tnbe 
drainage, 10 with early thoracotomy, 4 with delayed decortication, and 3 with 
I'ib resection for einiij'cina. The following selected case histories illustrate some 
of the problems which oeenired in the management of these patients. 



Fig 1—Case 1 A, The ioentgenogiam taken on admission sho\\s haziness of the left 
hemithorax, due to heniopneumothorax 

B, The roentgenogram shOAvs partial cloaiing following aspiration of 1,300 ml of blood 
by tho tubal thoracostomj and tlioracentc&es 

C, This film taken 5 days after trauma demonstrates a satisfactoiUy clear pleural space 


CASE REPORTS 

Case 1 —A 30} car old Ncgio man sustained a st^xb aaouikI from a pcnkiufo in the 
bccond left anterior intoico&tal spate on Juii 10, 1954 Ho uaa admitted to the hospital 
bhortly after injury. A poitablc supine roentgenogram showed opacification of the left 
hemithorax (Tig. 1, A). Thoracentesis jieldcd 1,000 ml. of air. Tube thoracostomy was 
established 6 liours after the injury and suction was applied to tho tube. Eiftcen hundred 
milliliters of bloody fiuid was cAacuated (Fig. 1, B). Two transfusions of A\holc blood were 
adimmstoied. The thoracostoni} tulic was lemoted on the folloA\ing day since it no longer 
functioned pioperly. During the next 4 days, needle thoracenteses A\ere perfoimtd and a 
total of 300 ml. of blood} fluid was ieiuo\cd. A roentgenogram obtained on Jan 15, 1954, 
5 days after injury, showed the left hemithorax to be clear and lung expansion to bo complete. 
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Comment: Tliis case history illustrates the well-accepted concept that 
prompt tube dioracostomy serves to evacuate blood satisfactorily from the 
p eural space in most instances. The majority of the patients in this series 
weie successfully managed by conservative means. 

Casi; 2.—a 3S-year-ol(l Xcgro nuiu was stabl)i>il in the tliird anterior riglit intercostal 
space and \Nas admitted to the ho.spital within 30 minute.s of injury. Aitliough needle 
thoraeentOMS yielded 1,700 ml. of bloody Iluid, evacuation of the pleural space ua.s incomplete. 



C. 

ICnj. 2.—Case 2. .1 and I), Antei opostcrior and lateral lUms taken 8 days after injury 

show a clotted hcniothorax despite lepcated early thoracenteses. 

G, This roentgenoKrani demonstrates residual flhrotic organization of the hemothorax, 18 
months after injury. Note the elevated and adheient right diaphragm. 


A thoracostomy tube nas inserted sliortly after admission and was attached to 15 cm. of 
water suction. In spite of this therapy a cousideialile volume of blood remained intia- 
pleurally. Thoracenteses were perfoimcd rejieatedly in an attempt to obtain more complete 
evacuation of the pleural cavity. Very little Idoody fluid could be aspiiated liy needle. 
Itoentgenograms olitained on Feb. 1, 1955, 8 days following trauma, showed a large amount 
of blood loculated posteriorly in the right liemithorax (Fig. 2, J and if). At this time the 
patient signed out against medical advice. On July 11, 195G, 18 months after the stab 
wound was incuned, the patient was re-admitted to the hospital for treatment of a different 
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dist ise A xiostcroautcnor locntjcnogr im of the client olit iniLil at tint tunt (Fig 2, C) 
slioweil rclitivelj good lung lo oximiisiou IIouLVor, blunting ind Uoiation of tin. dniilir igni 
it the ba^t, of tlio right oliost ucro xironont 

Comment Althougli needle thoiacciitcscs and tube tlioiacostomv on the 
day of injuiv icsultcd in eiaciidtiou ot 1,700 ml ot bloody fluid, a laige pocket 
of loeulatcd blood clot still lemaiiicd in the pleiual space Aitei the tube was 
lemoied no effeetiie tie.itmcnt ii.is possible This patient spontaiiconsh ic 
soibod and oiganiyed most of the icsidiial blood diiung the ne\t 18 months but 
lias lett ivith a basal fibiothoia\ 

It IS impossible to state wliethei a significuit dcgiee of icspiiatoiv lesciic 
was lost in this patient since no sxiceifie studies weic obtained IIowoici 
fliioioscopie obsciiations of othci iiitients with similai ladiologie findings ot 
blunting and delation of tbe costophieiiic angle haic denioiistiated maikedl> 
icstiicted ipsilateial diapluagmatie exeiiisions The cluneal efteets of this 
laiied and depended upon othci lactois, such as the piesence of paieiichiiiial 
disease and the basic phisiologic icipiiiomciits ot the patient s occupation 



A B c 

biff J—Cast. 3 1 Postopeiatiw loeiitffcnoffraiMb &iiou heinopneumoUioiax with col 

lapse of the nplit lung mil the contract*'1 hcniiUioi ix 

li and <7 Koentgenoffr mis taken .. days and 12 di>s after decoitication show that the 
right lung has le expanded ind the right hemllhoiax is quite clear 

C\bE 3—A 14 yc II oil! Ntgro bu\ uiidtuMUt c\ploritor\ tlioracotoiuj to iktcrmiuc the 
lutuic of a right p u miciliat-tin il miss Biopsy of the nod il lutdnsitmil mass it that time 
revealed a tuberculous granuloma Postoperthe lung reinunetl pirtially eollapbcd 
(Pjg 3, A) The patient v\ is transferred to the &au Frimibeo Geueral Hospit il on Aug 21, 
1950, 12 davs after exploration On idmisbiou to the hospitil, t iiuuutioii showed inaikcdl> 
restricted lespiiatorj e^eiursions on the right Pulmonary function studies indicated a moder 
xte decrease m pnlmonirv reserve 

Roentgenograms and the ispirition ot bloody fluid deniousti ited i post thoracotomy 
hemopneumothorax with parti il coilip e of the right lung V thoracostomj tube was in 
stited into the pleural sp lee on \ug 24, 195b, \nd iiegitive piessure buetiou of 150 cm of 
water was applied Onh 400 ml of bloody fluid won eviieuited during tlie next 30 hour 
poiiod Roentgcnogrims before iiid ifter tube thoiuostoinv rovoiled tint no bignifieiiit 
re expansion ot tlie lung had iisulted Decoitn itiou w is lieinved to be advisible On 
Sept 5, 1950 (4 wieka iftcr (lie initial trauniatie lieniopm imiolliorix) <h<aiticat!oa w is 
(* vrn< d out llie patient did well poxlopciativch (Pig 1, H and C) Intermittent positiic 
pressure was administered frcqucntlj Brtatlnng extieisis were ilmiiii«tered iml tlu pitient 
showed a striking objective men isc in rc'jpiritorv function IJn ultimate lung expulsion w es 
excellent and latir respiratory function studies iiiilioited a marked increase in reserve 
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Commenf: bx this ease, heinopneumothoi-ax oC 2 weeks’ duratiou was first 
n-eatecl by tube thoracostomy and high suction. This treatment proved to be 
mefteetual in olitamiug re-expansion of the lung and evacuation of pleural blood. 
Decortication was carried out 4 weeks after the initial hemopneuinothorax 
Decortication produced a good functional result. 

Cask -1.—A 31-yi-ai-ol,l N..g,o man nas stabl>otl in tlm upper anterior part of tho 
client on June S, 19oO. lie ua^ in shock nhen admitted to tl.e Iicspital t)ut his condition nas 
btah.Ii^ed hy the administiation of uhole l.lood and plasma. He couglied up blood at this 
time, which sugge.sted that tlie lung liail been penetiated. A thoracostomy tube was inserted 



C. 

icjg-. 1 .—Case 1. .1, -V roentgenofiTaiii taken 1 day after Injui-y shows the thoracotomy 

tube in. the pleural space whicli is lllled witli clotted blood. 

II, Tlie residual liemotliora.x on tlie fourtli day following injury is evident. 

O, This Him tiken 12 days after early elective thoracotomy demonstrates the parenchymal 
hematoma and relatively clear pleural space. 

immediately and suction was applied (Eig. 4, -1 j. Only 500 ml. of blood was aspirated through 
the thoracostomy tube during tho ue-xt 2 days. Eoentgenogiams taken 4 days after the 
initial trauma showed that a massive hcmothoiax was stilt present (Pig. 4, B). The 
patient w’as in good condition and showed no evidence of continued intiathoracic bleeding. 

On the fourth day after injury an elective thoracotomy was performed. Approximately 
1,500 ml. of clotted blood was loinovcd. The pulmonaiy parenchyma had been lacerated by 
tho stab wound but re-expansion of the lung was immediate and complete. Jfo technical 
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difficulty u.is eiicouiiterod iii the remo\al of the blood clot Filins taUou on the first post 
operative day and on the twelfth postoperative da) sliowtd eveellent lunj; expausiOTi. Tlie area 
of injury to the lung uppc.ired .h u hematoma iii the mid lung field (Fig. 4, C). The 
patient’s further postoperative course was uneventful. 

6'o)H)Hcn^; Conservative management was attempted unsuccessfully. The 
failure of tube thoracostomy was recogiii/.cd early. At this point thciapy might 


A. A’. 



C D 


Fig 5—Case 5 A, This fllm taken on the day of admission shows massive spontaneous 
lieniopneumothorvV-x resulting m mediastin il dibplacemcnt to the contralatcr il side 

B, Tubal thoracostomy produced an incomplete evacuation of tlic bIoo<l Marked residual 
pulmonary collapse is shown 

O, A film taken 10 days following early elective thoracotomy for clotted hemothorax 
shows a relatively clear pleural space 

D, The follow-up roentgenogram demonstrates excellent lung expansion 5 months follow¬ 
ing tlioracotomy 

have been directed along two other courses than that elected. On the one hand, 
the catheter might liave been i'erao\cd and the ability of the pleura to absorb 
the fluid then relied upon. On the other hand, a deliberate waiting period of 
4 to 6 weeks could have preceded decortication. In each of these two choices the 
risk of failure and of complications must he recognized. Beyond that, such thor- 
apy prolongs hospitalization. After early elective thoiacotomy t'ds naticot was 
home oil the twenty-fourth day after injury. __ 
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Cask o.—a oU-yeiir-old Cliiiiuso mini was iulniittiul to tlm Sail Erancisco Goncral 
Hospital Dll Juno 2(i, 1<)5(5, witli a history of ti{,ditnoss of (lie cliost and sliortiicss of hmitli 
for tlio provious 4 days. Theru was no history of injury. The initial rooiiltrc.iiograin showo.l 
an oxtonsivo riylit lieinopiieuiiiothorax with mediastinal .sliift to tho left and adliesioiis at this 
right apex (l-hg. u, A). Tlio apical adliesions suggested tliat spontaneous rupture of tho lung 
had occurred at this site. 


Ncoclhi tlioracontesis on tlio day of entry yielded 2,000 ml. of bloody iluid and 700 ml. of 
air. A follow-up roentgonographic study showed incomplete evacuation of tho hemopneu- 
mothorax. Coiisequoiitly on June 28, 1950, tube thoracostomy was performed but this also 
failed to evacuate tho hoinothorax although all air was removed and improved lung expansion 
followed. The tube was removed on June .'10, the fourth hospital day, because its use had 
not resulted in adequate improvement. Elective thoracotomy was performed on July 3, 
195(3, / day.s after admi.ssion and approximately Jl day's afti'r tho onset of hemopneumotliora.x. 
1 hirteen hundred milliliters of fluid and clotted blood was removed. Satisfactory' re-expansion 
of tho lung was immediately obtained. An apical adhesion to which clotted blood had become 
adherent appeared to be the source of bleeding as postulated preoperatively'. Tlie operation 
was not technically difficult. The patient was discharged on the seventeenth hospital day, 21 
days after onset of the hemopneumothorax. Koentgenograms at this time showed good 
lung expansion (Fig. 5, C). Iloentgenographic studies 5 months later showed an excellent 
result (Fig. 5, />). 


Comment: Thi.s patient with lienvopnciimothofax w.is initially tveated con¬ 
servatively with tube thoviieostomy. When this therapy proved ineffeetive, 
elective thoracotomy was carried out on the seventh hospital day. On the 
seventeeth hospitfd day, 10 d;iys postoperiitively, the patient w.is discharged 
with a totally sati.sl'actoiy result. 


Case 6 . —A 31-year-old white man was stabbed in the fourth left intercostal space on 
Aug. 4, 1956’. Is'cedic thoracentesis was performed shortly after arrival at the ho.spital ami 
within a few hours following injury. tSinee adequate improvement was not obtained a thora¬ 
costomy tube was inserted and suction was applied. iJespito the early' insertion of the tube 
into the pocket of pleural blood, as demonstrated on the roentgenograms (Fig. 0, -1 and B), 
only 400 ml. of bloody fluid was aspirated. !M()st of tho blood had clotted and remained 
intrapleurally. The patient’s condition staliiliKCd within 12 hours after injury' and after 2 
units of wliole blood had been administered. 

Tube drainnge W'ith suction yielded only' 200 ml. of blood during the next 18 hours. 
Repeated roentgenograms again showed a large left posteroinferior density' of tho hemithorax. 
Fifty'-six hours after injury', an elective thoracotomy was performed. Approximately' 1,300 
ml. of blood, clot, and Iluid was removed without difficulty'. The lower lobe of the left lung 
was found to bo completely' comiiressed by tlie blood and clot but it rc-oxpaiulcd readily. 
The patient was discharged with excellent lung aeration on Aug. 19, 1956, the fifteenth day 
after injury (Fig. 0, C and H). 


Comment: Although tlii.s patient was tveated I'or liemolliovax hy tube 
thovacostomy udthin several hours of injury’, the hemithorax was inadetiuately'’ 
evacuated by' tliis method. Elective thoracotomy'’ with evacuation of the clotted 
blood was carried out 56 hours after injury. The functional rt'sults were 
excellent and the degree and duration of illness and di.sability' Avere minimized, 
in addition to eliminating the po,ssiblc complications of infection of a clotted 

hemothorax. 

Case 7.—A 40-year-old white wuiimn was admitted to the hospital on Nov. 18, 1955, 
a few minutes after being in an automobile aecidcut. Roentgenograms^of the chest showed 
fractures of the eighth, ninth, ami tenth ribs ou tho right .side (Fig. i, A). Ihese m ti. 
films showed no other abnormalities and .specifically did not reveal evidence ot ^ 

right pleural space. Follow-up roei.tgenographic studies 3 days after the nipiry shoaod .i 
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Cask 8.—A 2o-.vear-old A'egro niaii was stabbed tlirouirli the left fnnrti, 

u"°,™ r f """'-I*"' 1 hottu 

At that tuue he was J^spneie and liud a nulse rate nf ion tj • “ in 3 urj. 

;>«.! p„„urc lOO/SO ml, Ko.p.rat.on, „„„ 30 p„ 

A roentgenogram of the ehest repealed a loft he,nopneumothorax (Fig. 8 A) Two 
ur.. ..,00 nil. I,too,I,■ ,|u„] ,.,a„.at.al fro,,, il,o ;,.ft ploural .spare an,i*’«500 n,l. of 


. 1 . 


A. 



C 


D. 


Fig. 7.—Case 7. -1, -V clear right iieniitliorax is seen shorU> after Injury. 

B, A (leUiyeU oiccuniulation of serosanguineous fluid is demonstrated 3 days after injury. 
G and D, Thoracenteses resulted in a clear hemithorax following delayed hemothorax 
formation. 


whole blood was administered intra\enously. The thoracostomy tubes continued to dram 
about ilOO ml. of blood per hour. Eight hours after injury, a thoracotomy was done. At 
operation, 1,000 ml. of blood elot and 800 ml. of bloody Iluid were removed from the left 
pleural space. The only active bleeding was from the iiitereostal muscles around the stab 
wound. A short laceration of the lung was present but wa.s not bleeding at the time of 
thoraeotoniy. 

All Idceding was controlled with suture ligatures. Expansion of the lung was leadily 
obtained and maintained (Fig. 8, R). Pleural fluid was demonstrated radiologieally on the 
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Sixth postoperati\e day. Thoracentesis yielded 1,200 ml. of blood tinged serous fluid and the 
hcmithorav nas completely cleared by this (Fig. 8, C). The patient’s postoperati\e couise 
was otiienvise uneventful and he was discharged on tlie tenth postoperative da>. 

Comment; This i)atient demonstrated continued and significant bleeding 
after early tube tlioraeostomy and evacuation of 2,700 ml. of blood were carried 
out. Thoracotom,y was thought to be necessary and was performed 8 boiu’s 
after the patient was admitted to the hospital. At thoraeptomy there was 
1,900 ml, of blood and clot within the pleural space despite the presence of 2 tubes 
to which suction had been constantly applied. 



B a 

FiS S —Case 8 A, The rocntsenogr,tni demonstrates the post-traumatic hemopneumo- 
thorax. 

B, This film Was taken 1 day following trauma and thoracotomy A total of 1,500 ml of 
blood and clot had been evacuated by tube and thoracotomy 

The follow-up roentgenogram shows satisfactory clearing 

DISCUSSION 

The care of patients with cai'ly traumatic hemotliorax cannot he rigidl.v 
standardized. A basic plan of treatment can be formulated and this can be 
appropriately altered as now developments aih Tiw.i-esults of e- ’ i-'^-srapy 
■will necessarily influence the subsequent Temcnt. 

hemothorax the hemorrhage usually cca^ 



790 


CULINER, EOE, GRIMES 


J. Thoracic and 
Cardiovas. Surp. 


condition becomes stable witli fluid and blood i-eplacemont. In these patients 
thoracotomy is not necessary as a lifesaving measure. The problems of para¬ 
mount importance are the preservation of maximum pulmonary function and 
the pie\ention of sepsis. Whether a significant decrease in indmonary I’cserve 
occurs as a result of hemothorax depends upon tlie volume of clotted blood com¬ 
pressing the lung, the development of infection, and the production of a fibrous 
restriction of the respiratory movements. The resulting res])iratory embarrass¬ 
ment also depends on the pre-existing pulmonary reserve. 

The more complete the evacuation of blood from the pleural space the better 
is the fu2ietional result. The earlier the blood is removed the uiore complete 
is the evacuation, since later clotting and loeulation will prevent emptying of 
the pleural .space by conservative means. 

In many patients with traumatic hemothora.x of minor degree, intrapleural 
blood can be aspirated by needle within the first few horn’s following trauma. 
Needle thox’acentesis carries only a minimal ri.sk of pleural contamination unless 
it is repeated often. This technicpie also carries vcr\’^ little danger of pneu¬ 
mothorax due to puncture of the lung. Certain disadvantages, however, must 
be kept in mind; the small caliber of the needle does not permit rapid removal 
of blood; the needle easily becomes plugged and complete removal of blood from 
the pleural space is not often accomplished in this manner. 

Should the amount of blood in the pleural cavity be at all significant, that 
is, sufficient to obscure the diaphragmatic leaf and eostophrcnic angle, tube 
thoracostomy should be used as soon as possible. The method of Betts and Lees' 
may be helpful. With this technique, the trocar used for insertion of the inter¬ 
costal catheter remains briefly in place. The catheter is moved around all areas 
of the pleural space while constant suction is applied to it. After all po.ssible 
blood has been evacuated, tiie trocar is removed. The catheter remains intra- 
pleixrally and is attached to suction to evacuate blood which remains and serous 
fluid which may continue to ooze into the pleural space. 

Often, although the pleural cavity may have been cleared initially, re¬ 
accumulation of fluid may be noted aftei’ several days. This fluid may result 
from continued bleeding or from the exudative reaction of the pleural surfaces, 
not only to the initial trauma, but also to the blood which remains. When early 
roentgenograms show the pleural space to be devoid of fluid or if complete 
evacuation of the hemothorax has been carried out, follow-up roentgenogiams 
should be obtained several days later to demonstrate whether rc-accumnlation 


has occurred. 

The clotting of blood in the pleural cavitv may occur within a few minutes 
or may be delayed for several days following injury. Often, despite the early use 
of needle thoracentesis and tube thovaeostomy, large amounts of blood may 
remain clotted in the pleural space. Our experience with the use of in’oteolytic 
enzymatic agents has been disappointing. Use of these agents has frequently 
produced an increased volume of fluid which can be aspirated from the pleura 
space. It is quite likely that the increased fluid resulted largely from the 
exudative reaction of the pleural surfaces to the irritating agents. 
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The significant piohlcm is the selection of patients in whom ieiuo\al of 
clotted pleuial blood bv open thoiacotomv is waiianted A leiiew of the cases ot 
se^eial patients with hcinothoiav who weie essentialh untieatcd has indicated 
that lesoiption oi fibiotie oiganization of blood and concomitant le expansion 
ot the lung may ocoiii spontantously Lung ic expansion as indicated bv loent 
goiiogiams iiiaj occiti in the piescnee ot a icstiictiie fibiotic pleuial piocess 
winch can significanth inhibit lespiiatoiv excuisions Foi this leason a state 
of lung expansion in itself does not indicate good lentilatoiy tiinetion In 
pioblomssiioh as these, piilnionai 3 funetion studies, espeeiallt bionchospiiometi^', 
may pioiide the oiilj objeetiie deteiinination of the deciease in piilinonaii 
funetion pioduced bj the fibiotie pleuial pioccss Without siinilai studies 
lecoided piioi to iiijuii eieii these studies have oiilv limited significance 

The decision foi suigieal evacuation ot blood must bo based on a clinical 
assessment of the iollovving faetois (1) the ventilatoij exclusions of the 
thoiacic wall, and (2) loentgenogiaphie denionstiation bv posteioanteiioi and 
lateial views ot the pleuial blood and its position This assessment can be made 
as aceuiatelv within a tew davs as attei -I to 6 weeks Diiiing this peiiod, mini 
iiial lesoiptioii ot clotted honiotlioiax oeciiis Duiiiig the same peiiod, howcvei, 
tlioio can be resolution of pleuial icactioii and cleaiing ot the loentgcnogiaiii 
Howevci the ladiologie pietuie ot clotted hcinotlioiax must be difteioiitiated iiom 
that of pleuial leattion and thiekcmng These conditions mav icsomble each 
othei on postoiointeuoi lotntgeiiogiams Litoia! views, howevei, gtueiallv 
distinguish between the 2 entities since i clotted hcinotlioiax hetiuently showo 
a postoio iiitciioi tiiangulai opacified aiea due to loculatioii A diffuse eiicuia 
teiential opacification suggests pleuial leaetioii This diffeientnl point was 
cinphasized bv Tuttle 

When it becomes appaieiit that conscivative meins ot lemoving blood fioni 
the pleuial cavity aie inadequate and that optimum iuiictional lesults leqiine 
the evacuation of clotted blood, opciation is earned out without dilav Eailv 
elective thoiacotomv ioi dceoiiiincssion ot the lung and evacuation of blood clot 
has been peifoimed vnthiii poiiods langing fioni a few houis to 17 davs follow 
mg the fonnation ot heinotboiax These opeiations hive been pSitoiincd with 
no gicat technical difficulty and full lung ic expansion has been obtained is 
leadily as when decoitication has been ciuploved -1 to 6 weeks aftei tiauiiia • 

Some patients show evidence of continuing sevoie intiapleiiial bleeding 
aftei initial evacuation of a hemothoiax These patients should be tieatod hv 
eaily elective thoiacotomv to eontiol the souice ot bleeding and to evaemte the 
pleuial space completelv' 

Bj peifoimiiig a thoiacotomj within a tew houix oi davs attei injuiv one 
eaii eontiol the hemoiihage, evacuate all blood clots, peiniit and m uiitain 
immediate lung le expansion and, in most instances, pievent the developmint ot 
empvema With adequate leplicement oi whole lilood tliese patients aie 
managed satisfactoiilv duiing opciation The souice ot bleeding is most 
fiequently a laceiated inteicostal vessel In those eases wlioie eailv ilietivo 
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thoracotomy has been utilized, lung re-expansion has been easily obtained and 
the postoperative course has been quite uncomplicated. By immediate or early 
lung expansion with oblitei-ation ol* the dead intrapleural space and removal 
of the excellent culture medium, empj'-ema has been prevented in all cases. 
The economic factors of early operation and convalescence are quite important 
to the patient. No benefit is derived from a delay of 4 to 6 weeks from the time 
of onset of clotted hemothorax to the time of evacuation. 

In this series of 43 patients treatment was as follows: (1) 27 patients were 
treated by needle thoracentesis with or without tube thoracostomy, (2) 10 
patients were treated by early elective thoracotomy within a few hours or days 
following trauma, (3) 4 patients were treated by delayed decortication 4 to 6 
weeks after injury, and (4) 2 patients were untreated until empyema occurred 
and then were treated by rib resection. 

Of the 27 patients treated by needle thoracentesis with or without tube 
thoracostomy, 26 did well. One patiejit treated early in the series developed 
empyema. This patient had been ineffectively managed by repeated thoracenteses 
and instillation of antibiotics and proteolytic agents. Barly thoracotomy with 
evacuation of hlood clot would have been inuch more apj)i’opriate therapy in 
this case. 

Of the 10 patients treated by early elective thoracotomy for hemothorax, 
9 patients recovered promptly. The one death in the series occurred 12 hours 
after secondary thoracotomy for hemothorax. The ])rimary steimum-splitting 
thoracotomy had been done to remove an anterior mediastinal neurilemmoma. 
A secondary thoracotomy was carried out 48 hours after the primary procedure. 
The cause of death was not definitely established. It was probable, however, 
that there was undue delay in carrying out the secondary thoracotomy to control 
the postoperative hemothorax. 

The 4 patients treated by delayed decortication, at intervals of 4 to G weeks 
following trauma, had uneventful postoperative courses and satisfactory results. 
All of these patients came under oxn* treatment at a late stage. The average 
period of hospitalization for the patients who xmderwent decortication was 48 
days. In contrast with this, the average stay of patients treated by early 
elective thoracotomy was 19 days. 

Three patients whose condition was complicated by infection were treated 
by rib resection and drainage. 

In 1 patient, empyema developed immediately in a hemothorax after he 
had suffered a gunshot wound. The first sample of blood aspirated from the 
pleural space revealed the infecting organism. The second patient signed 
himself out of the hospital after several days only to return in 2 weeks with 
frank empyema. The enxpyeina spaces in these patients were sufficiently small so 
that decortication was not believed to be Avan-anted. The third patient developed 
a hemothorax following resection for coixrctation. The hemothorax xvas treated by 
thoracenteses only, and the patient developed empyema 18 days afer the primary 
procedure. This patient should have had early elective thoracotomy rather 
than repeated ineffective thoracenteses. As a result of the ill-adidsed therapy 
with aspiration and instillation of antibiotics and proteolytic agents, he was 
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hospitalized for 2 mouths All 3 of tliese patients iveie tieated by iib lesectioii 
and open diamage Ultimateb le expansion of then lungs uas satisfactoiv 
and the emp> ema ca^ ities e\ entuallj healed 


SUMMARY 

Selected case icpoits fiom a senes of 43 patients uith hemothoiax aie 
piesented to demoiistiate the pioblem and lesults associated uith the -saiious 
tonus ot tieatinent A latioiiale is deieloped foi selected eail} suigical in 
teuentioii as the ticatment ot choice when conseiiatue measiues are unsatis 
tactoi\ Cxpeiieiice has indicated that the moibidity and moitality of tlioia 
cotomj aie low and that the losults aie dcfiuituc and complete in lemoMiig 
the heiuotlioiax The lioapitalization and disabiUt\ periods aie signiticantl\ 
slioitened Eail^ electue tiioiaeotomy is iccommended foi clotted hemothoiax 
in pieteience to a dehlieiate del.n loi eoitex tounation 
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Discussion 

PR CHARLES T READ, Phoenix, Ariz—hesitate to get up before this group again 
to discuss streptokinase, but I didn’t hear the word mentioned m the paper that was just 
delivered I heard proteoljtic enzyme mentioned one tunc I hope it v\a3 not one of the 
competitive drugs 

I am sorry that I happened to bo the man who came to this meeting, but just happened 
to have no slides with me But I venture to say that in my own experience with post resection 
problems, which I have shown before tins grouj), they look raueh worse than some of these 
cases that were shown, and I feel that enough emphasis has not been placed upon this 
particular maneuver If the authors did not use thw procedure, I think tliej have passed up 
a good portion of the armanientanum offered in taking eire of these patients' problems, 
because wath tlie use of closed thoracotomy one hag the advantage of using enzjaucs quite 
frequently until the chest is evacuated, and m many instances very good results can be 
obtained 
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If thcbe goiitlomeii Ii.uc used tliib, I would like to hoar luoie about it. If tliey liaven’t, 
I would hko to lemind them of the woik that has been earned on picviously. ’ 

1>R. JOSEPH A. ■\\EJXBEKG, Long Beach, C.ihf.—1 iiitoipret this papei, which 1 

certainly enjoyed, .is adioeating an earlier rccogiiitioii ot the p.itieiit who will need nioie 

than s niplo, watchful treatment, aspuation, oi possible tube thoiaeotono. 

I would like to point out th.it the pleui.il suifaies luue leiiuukablc absorptue powei 
for clearing the blood from the Iiemothoia\, and that I trust that the remaiks that ha\e been 
ni.ide here will not be iiiteipieted as advoe.iting open tlioi.icoloiiiy with evaluation ot lilood 
and clots in all p.itieiits. I am sure that the authors do not mean that, since more than halt 
of their p.itients weie tieated by iiioie conservatuc nie.iiis. Operations are not witliout 
danger and there should lie eleai indu.itions for then use. 

I also would advoiate coiiseuatism iii the waiting period while it is being detorniined 

whether or not the patient will need an open thorai otoniv with evacuation ot clot and pos 
sible decortication. Fiequent aspir.itions iiiav be the veiy thing that makes open operation 
necess.iry at a later time bec.uise of the introdiictioii ot cont.iminating bactciia with subse 
quent infection. 


ItR. ROBERT K. BROWN, Denver, Colo.—I agiee 100 per cent with the authors when 
they saj' that these tilings should be cle.iiied out and normal ])hvsiolog_v restored. 1 thought 
Dr. Weinberg would ni.iko the point I want to make, but he didn’t. I think it is very im¬ 
portant in the thoracotomv for this situation to do it thiough .in intercost.il incision and 
ie.ue an intait 12 rib hemithor.ix foi the best .ind most ellicient possible lestoiatioii of 
ventilatory function after opei.ition. 


DR. JAMES V. MALONEY, JR., Los Angeles, C.ibf.—Two ye.iis .igo we published our 
own lesiilts in a gioup ot 40 cases ot ti.iuinatic hemothoi.i\ watli very simil.ir icsiilts. We 
iiiterpieted our expeiieme .is indicating that stirgic.il dtiorticiition should be used less often 
and l.itei, rathei than moie often and e.iilier. 

Tiieie has lieen a geiieial trend toward the surgic.il tre.itmeiit ot clotted hemothor.i\ 
since the very fine and classic woik of Dr. .S.inison. We beiame woiried, howevei, that this 
trend was lieing eained too tar. In sett evaluation I returned to B.iltimoie, wheie I had 
treated .i huge number of these patients ovei a peiiod ot S or 0 ye.irs. I was able to find 
followup chest hlnis (taken foi incideiit.il dise.iscs, tubenulosis surveys, et eeteia) in 10 
cases. Thirty of the heiiiothor.u cs wore due to gunshot .iiul st.ib wounds and ten were due 
to opeiation. We were aiiia/ed to find that on the uicideiital chest films taken from .3 months 
to 7 years latei there was not a single instance ot clotted hemothor.ix in which theie w.is 
any detectable evidence of chest abnormality (with the exception of retained missiles) m 
any of the .10 cMses due to st.ib wounds oi gunshot wounds. Bostoper.itive hemothor.ix was a 
nioro difficult problem and required surgical decortication in 3 uises and eiuyniatic dccoitiea- 
tion in 5. Empyema was encountered with en/ynie tlierapy and, like Di. Culinoi, we had 
one death in the operative gioup. 

The technical ease ot decortication and the restoration ot the chest film to normal give 
this operation .i special appe.il to the esthetic sense of the suigeon. But the mayor question 
IS whether oi not the operation is necess.ny. 1 am sure thoie is merit to both the conseiva 
five triMtinent that we lecommend, and also to the ide.i th.it Dr. Culiner has presented today'. 
I don’t know which point of view is coiiect, but it is appiopriate that tlie subject be biought 
111 ) and ieevalu.ited so that we c.in obtain a definitive ansver to the problem in the next 
Sever .il years. 


DR. EDOUARD D. GAGNON, kloiitieal, Quebec.—We, too, have been interested in 
eaily thoracotomy wlieii indicated in liemothoiax. I would like to letoi specifically to 3 such 
eases where there was tiaumatic hemopneuniotlioiax beiaiise, in these eases, witliout thoi.i 
eotomy (the two fust ones on the day of injury and the thud one 5 days attei injury, when 
first seen by us) theie might have been very severe oi due ionsequeiices, bei.uise the soiine 
ot hemoiihage was a “split” lung. 
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TJie most nitertsting thing to mo w is th it in the hrst c l^e tiie right iip^nr luljt liml liutn 
•^plit ui<3c opm l)j tins closed injun to flic eliist, is li uith i nu it cl» i\«.r, nid the hltiding 
w IS coming fiom the loh'ir reiii'i, uhcieis the nr u is U ikiiig cut of inulliplt liroiichiolcs 
plus in addition il tc u to the lobar bronchus This piticiit \\ is tre i(id (i) Iobc< toni> 

In the second c ise, tile left uppci lobe ind left loru r lobe \m re '•plit op( n as if u ith i 
knife on tliur posterior aspect, tho sum pithologv uas pieseiit in tlie tliud cum, !>ut on tlio 
right a dt \Mjtn tho lung uas fitted back into the posterior gutt<r it ‘•eenied to na, m thc'^e 
2 cises tlint the injury Ind been produced bj the mtciior torw ird i Ige of tho \eittl)ril 
column uid the lobes li id been split open is if thoj Ji id lien i ut uitii i Icmii, or with i 
meat Uavci 

The St ond c I'^e riquiied lesection bec luse tin lung w is xery d imagi d fti th< third 
ease we wtn' able to suture tho sliced p irenehyin i iiid the pitnnt nudi in nmventlnl 
rccoM n 

Ir !'« I (Innl, wortli remembering such pO‘'Sibilitus in ilosed injuries to the <h( t If 

the tnuina lu** been severe enough to split tin lung and occision hemorrhage, i irJ> tliort 

lottiiix r irln r thoiaeotoinx, in tliise < i‘'ts might sue a ft w Iivch 

Mnl till rt ason we surgeons hnt not rceogni/eil tins condition more oflin is thnt i 

gj it III I rx of these cisea prob ibl> end up m the cine morgues 

l*K I U I C S VilSOJs, Lif uetto, Cilif—Tins piper b^ Drs Cuinnr, Itoe ind Grinn s 
hi- nr 1 me xerx much, ind I am sure tluj will not be too Ji ird on me if f disigrie 
witl r) I " ' liat 

I tl d jne will irgue for a moment th it there are cists m wlmli earl> t!iorieotoin> 
in Trim t nothoriv la i xer\ wise jiroccdurt* Thex mdicitid tho fact, as did Dr 

Gign fJ awes of continued bleeding tlioracofonii iaeerluul> ucccsssir> 

(bj tl !Jiaiid, in tJn ui^rs umJir iljsou^sjow, j»i3 I wi>D3d bke io bjnit mj- rennrks 

r those [atunts m whom we wuh to preserve lung function, T doubt very much if pi r 

r if the tiDU wo need to do a tiioracotoin> to icliicn tho nsult dcsind You x\iU note 

I if till es axests operated on Ja per cent of their patients 

Til r senes is smajj^ t„<I £ prc'-umc that this is their entire exp ncnei, at le isl sime 

X Tirted doing thoracotonix, but I would like to ntiiind ihim tint wi hixi < ind for 
thoraces for a number of xcaf'- Perhaps blool clots more frcuueutJi lu San frincihco 
I I it doe» ui Oakland, but is we haxe rexicwed bnetlx our ‘•cries of i »‘-es at the fountv 
M i ital, where xxe ‘-ee 20 to 30 traumatic licuiotJioraees a viar, t cannot find ixidince of 
i „ ojeratid in more than 1 out of 12 or lo cases In other wonb*, it is not tin f « t tint 
xir operate on hemotlioraces, but wc don t operite as much es is dinii in Sin Fnniisco 
I hope it doe n’t date me if I remind } 0 u tint exen todaj tliorafoloniv ( irries at liast 
a t tical rwk, md that wo shouli not o|/erate anj more thin is ab olublx mu'* irj 

■\Ix onlx idriee in cJo-ing is that I flunk tlicx shouli U‘'i tin lu die more ind the 
calpel b - 

DK L\IRE\CE iUSCALL, ^en \ork, N 1 —f xxouM like to euthiisi i-'tn all> -up 
port Dr Earn i 

Duniij, 't-t war when tJic late Dr EJbut Cutler xxa^j being indurtid into iJn Itoxal 
College of h a=ked me to look over ‘•onie of the data from the iio-pit tis x hn h xw re 

not thoraci I rtxiexxed iOO coo ecutixe casts of hemothorax xxhicli x\er« tn-’iti i 

initiallx in ' fhan ihoracit eenters xxhtre sujp/ die d«'<ortn ifion ml oil • r 

definitive e \ re to be dom I found that when repeitt J l pjrtlion or tuh 

drainage x\ rjvje extrci e aa in liiated in the fid 3, exaLuation and ‘*t itjou 

hospital- f the c JOO patients nsoiert 1 e/jmpl« t I> la 1 inx^r hil to 

midergo aa\ 

I thii k 
all the war 


of important I do not l/<Jicxfc that on can traie-f/ 
Manx of our mditan iritientj hai to com to thjru/'sc 
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centers for secoiulury operation for Jieniotliorax because of other f:iotora. Many Inul retained 
largo foreign bodies often witli infection. Clotted or infected lieniothoraccs reqniring drain¬ 
age or decortication were tlierefore more common than miglit be expected in civil practice. 

I would like to make one more observation since 1 noted that tubes were jdaced in 
some chests quite early. Frecpiently have I seen a too enthusiastic assistant resident treat 
a stab wound of the chest by immediate tube drainage and to his utter surprise found out in 
a short time that he is sucking out from the patient more blood than he can easily replace. 

DR. JOSEPH (lORDOM, Albuquerque, Me.x.—Now that Dr. Samson has opened 

the A\ound, I thouglit that I wtmld like to add just a little bit of .salt into it liy bringing 
these factors to your uttention. Commonly, when an injury to the chest occurs and hemo¬ 
thorax is present, there are two other factors; that is, most often there is contusion of the 
lung, in addition to which the body defense mechanism puts the diaphragm and tlie chest at 
rest. 'Ihe diaphragm elevates itself to a '‘mean position” in the respiratory phase, and tlie 
rib cage resists inovemi'iit to protect itself from pain caused by the injury. 

Now, to swing this treatment over a little ))it more to the more conservative side, one of 
the features that we sliouhl recognize, and Dr. Weinlierg indicated that the pleurae have a 
large absorptive ability, is tiiat it is necessary to return tin's body to a physiologic function 
as quickly as po.ss.ble. If you don’t have to put a needle in tlie eliest becau.se of respiratory 
distress it is best to exercise tliese patients. Make the patients move their cliests, make them 
move their diaphragms; tliey will more rapidly return to pliysiologic function and heal the 
injury which has occurred wliile absorbing the tluid. 


DR. JOyEPJl Ij, LUCIUO, St. Loui.s, Mo.—We Imve liail an experience witli 300 trau¬ 
matic chest injuries at the St. Louis County Hospital in St. Louis, Missouri, during the past 
10 years. Wo have followed the points emphasized by Doctors Tom Burford, Paul Samson 
and associates in their papers pulilislied after the Second World War. 

You will recall tliat approximately 15 per cent of all the hemotlioruces whicli tliey 
reported became clotted and 85 per cent remained liquid early in the course of the disease. 
We have, tlierefore, used two, three or even four large water-sc:ii tubes early in the course 
of the disease of tlicse patients. If maximum expansion and evacuation has not been 
obtained in 72 hours we have then resorted to massive use of Tryptar or Varidase, and I 
am mentioning the nanie.<. We have used Tryptar or Varidase massively 7 or more days 
before resorting to thoracotomy. 

If the above has not been successful we have then, as stated, resorted to thoracotomy 
and decortic.ation. Exploratory thoracotomy has been used during tlie first 48 hours in 
individuals with iiia.ssive uncontrollable liemorrliage, or other severe a.ssociated injuries of an 
emergent nature. I recall that last year we reported 25 instances in which we explored 
individuals who had ruptured diaphragms. 

Our thoracotomy percentage has been less than 5 per cent in the individuals whom we 
have treated in this manner. 


DR. CULINER (Closing).—I realized that bringing up this subject was somewhat like 
bringing coals to Newcastle, and I thought it might precipitate a little bit of discussion, not 
this deluge. 

I would like to indicate that we have heard of streptokinase, streptodornase, and 
Tryptar and have used them extensively earlier. 

[Slide] We feel that certainly w'ith the use of proteolytic agents one can always aspirate 
a great deal of fluid following their instillation, wlicther it is in 6 hours or 24 hours. My 
own feeling is that the fluid that one a.spirates following their use is the fluid that one causes 

by their use. 

This particular patient illustrates one whom w'o treated with these magic drugs, an 
this film of September 10 shows the hemothorax present in the right lower portion of t ic 
tileural space. On this day streptokinase and streptodornase were instilled, and on the fol ow- 
in<r dav we had this degree of pulmonary collapse and formation of jelly-like material, wind 
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WO later evacuated by thoracotomy. Our owa feeling is that witir the uso of streptokinase 
and'streptodornase we have not been as successful as many of the papers on the subject would 
indicate, and therefore wc use it less, probably, than other services. 

Wc arc also fully cognizant of tlio fact that the absorptive capacity of the pleural 
surfaces is quite marked. "We haven’t been as fortunate as Dr. Maloney in getting follow-up 
films. Wo have tried very hard to have patients treated in San Francisco County Hospital 
return for follow-up films. It has been difficult for us. In those few of whom we have been 
able to get follow up films, in patients who refused therapy and who had a significant degree 
of hemothorax initially, we have found that many of them showed quite a marked pleuritic 
reaction with elevation of the diaphragm. Fluoroscopic e-xamiuatiou of these has revealed 
inhiliited respiratory excursion of the diaphragm and the lower liemitliorax. 

Perhaps the fog in San Francisco clots the blood more readily than it does in Oakland. 
Our 27 cases handled in that manner were quite satisfactory to us, Imt in 10 cases we felt it 
necess.aiy to do early elective thoracotomy. 



THE SURGICAL TREATMENT OF PEPTIC ESOPHAGITIS 

Frederick S. Cross, AI.D,, George V. Smith, Jr., ALD. (by invitation), and 
Earle B. Kay, AI.D., Cleveland, Ohio 


INTUODUCTIOX 


W HAT is prosonlly roferrcd to ;is peptic* or rofhix csopliagitis was first de¬ 
scribed by Quinke in 1S79-' and by ifacKenzio in 1884.'’ It has gradually 
evolved as a definite clinical entity tlirough the work of numerous clinical in¬ 
vest igutoi*s’-' whose obsoiwations have been substantiated by laboratory ex¬ 
perimentation.'’’ 

'When peptic e.sophagitis becomes so severe as to result in intractable pain, 
bleeding, stenosis, or perforation, medical therapy must be abandoned and some 
form of surgical therapy considered. As to what constitutes ])ro])er surgical 
treatment for these devastating complications of e.sophagitis has been a stimulus 
to surgical investigators for a number of years. A variety of procedures have 
been offered, ranging from phrenic nerve paralysis,-'' gastric resection,^® esoph- 
agogastrectomy,-* and hiatal hernia repair,'’-to rather complicated plastic pro¬ 
cedures on the e.sophagogastric junction.-- ’---- 

It is difficult to draw categorical conclusions as to the efficacy of any given 
procedure from reviewing the literature since, in many instances, conclusions 
are based on an e.xperienc-e obtained from the analysis of relatively few patients. 
In a recent .study of 66 patients with retlux e.sophagitis, seven different operative 
procedures, or combinations thereof, Avere performed on 60 patients.-’’ No single 
combination Avas done more than seven times. In another similar series of 60 
patients Avith retlux esophagitis, there were no fcAver than eight typos of opera¬ 
tions done.” The largest A'xperience Avas Avith a combination of gastric resection 
and hiatal hernia repair performed on 14 patients. 

Perhaps part of the confusion as to proper therapy, medical as Avell as 
surgical, but more particularly surgical, lies in the fact that everyone may not 
be talking about the same thing Avhen ho refers to esophagitis. ^loersch and his 
associates”' have aptly stated that esophagitis is not a single disease entity, but 
rather a group of conditions of related origin. Esophagitis secondary to pro¬ 
longed Ammiting differs markedly from that resulting from the nighttime 

From tlie Division of Surgery, St Luke’s Hospital, and St Vincent Charity Hospital, 
Cleveland, Ohio. , „ a,,,. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic sur¬ 
gery at Los Angele.s, Calif., April 21-23, 1959. 
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puddling of gastiic secietion after passage tliiougli an incompetent liiatus 
In addition, Baiiett adds a thud type oecuiimg in an esopliagus lined with 
columnar mucosa 

Fuithei contusion as to the pioper opeiatioii foi leflux esophagitis losults 
fioiii the pieseiice ot conditions CMStmg in conibination with the esophagitis 
For instance, a hiatal henna is fiequeiitly piesont, theie may he an associated 
gastiic 01 duodenal ulcoi, oi the esophagitis might he the lesult ot suigical 
destiiietion of tlie eaidiac sphincter mcchaiiisiii, as in csophagogastiectoiiij 
Theie nQ^disagiiement that the damaging effects of acid peptic juice on the 
lulneiabii®esophageal nineosa must be cuitailcd if esophagitis is to be ciued, 
hut how to ueigh the sigiiihcaiiee of these contiibuting factois in the light ot 
adequate thciapv posis a pioblem, and leads to the vaiiatioiis in opinion existing 
today 

The puipose of the picsout leport is to leiiew ciitically a gioup of patients 
with lefeience to the dogiee of existing esopliagitis and to the picscnce ot con 
tiihutmg etiological faetois, to ic emphasize the lole of hiatal hoinia in the 
piodiiction of peptic esophagitis, and to piopose icconstiuctioii of the oaidiac 
sphiiiotei iiieeliaiiism, as in hiatal hcinia lepan, ns the logical tieatmeiit of this 
disease 

on IMTION or TFRMS 

Foi leasons pieviously stated, it is exticmcly important to define teiins as 
aoouiately as possible wlion discussing the tieatment of lefliix esophagitis Foi 
the pui poses of this study, esophagitis lias been categonzod piimniily as that 
existing with a luatal lieniia, and that in which no deinonstiablo hiatal hernia 
was piesent Iloweiei, the fact that no luatal henna was demonstiated does 
not neccssanly pieclude the existence of one The dcgioe of esophagitis has 
been giaded into soiere, model ate, and minimal It is somewhat difficult to 
eategonze esophagitis in this manner with extienie acoiuaey, hut, inasmuch as 
it IS possible, this was done on the basis of x-raj and esopliagoscopie findings as 
outlined in Table I Any patient with significant bleeding, stenosis, or peifoia 
tioii ot the esophagus was listed as having scveic esophagitis Dysphagia alone 


Table I Classificvtion of Eeplux EsopiiAriTis 


TYIF 1 

FSUPHAtFOStOPVr 

1 \ RAY 

Mtld 

Kedilcuing 'ind edenn, ot mucosa 
Prominent longitudinal folds 

11} perplastjc mucosal cJiuigta 

Eeflu^ of gastric ]mce 

Reducible concentric lunua 
Peristaltic ibnormahtics 

Reflux of barium 

Modeiatc 

Lint ar erosions 

Spasm and edema 

Friable, easily bleeding nmcosi 
Reflux of gastric juice 

Reducible comcntric hernia 

RlAux of barium 

Spasm or narrowing of terminal 
e^soplngus 

Peristaltic abnormalities 

Irregulantj of mucous membrino of 
distal esoph igus 

Sei cic 

Ulceration itli bleeding 

Granular denuded areas 

Marked edema and spasm 

Stenosis 

Reflux of gastric juico 

Irreducible conecutne herma 
Shortening of terminal esophagus 
Ulceration of mucous membrane 
Reflux of b irium 

Stricture of ter»’ us 
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was not consKlerecl a symptom suggcstiny: stenosis, since clyspliagia can result 
om associated neuromuscular cliangcs in tlie csopliagus as well as from 
stenosis • In most instances, the lierniu was of the eoiieentric or direct type in 
which the acute angle of entry of the esophagus into the stomach is lost If 
the henna was irreducible, with associated narrowing or shortening of the 
oso])hagiis, the patient was placed in the severe category (Fig. 1); whereas, 



1 Fig. 

1 ,'ig. 1 .—Sevete ebophagltla cliaiiicteri/.ea by an iircauelble hiatal liernla with stricture 
anU .sliortening of the ciiophagus. 

Fig. 2 .—Typical x-iay appealance of a concentric, reiluclble hiatal hernia associated with 
minimal to moderate esophagitis. 


patients with reducible herniiis, for the mo.st part, were placed in the moderate 
or minimal categories (Fig. 2). Patients with erosions or ulcerations deter¬ 
mined by esophagoscopy were not necessarily placed in the severe category 
unless there was evidence of esophageal narrowing or shortening in addition. 
Esophagoscopy was particularly useful in evaluating patients for placement in 
either the moderate or minimal categories. Frcquentlj’’ the mucous membrane 
ehanges seen in minimal esophagitis were minimal indeed. However, if they 
were associated with the visible regurgitation of gastric juice on osophagoscopj’’, 
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or with some peiistaltie abnoimahties of the teiminal tboplwgus on xiay o\ 
animation, the patients weie letamed m the stiidj Since it has been noted that 
seveiD pain may exist in tlie picseiice of little demonstrable csopliagitis, pain 
alone was not used as a giude in grading the degiee of csopliagitis piesent At, 
a matter of tact, many patients with seveic pain, but without good objective 
evidence of esophagitis, neie eliminated fiom the studj Tlieie weie likewise 
disciepancles noted in the sire of the hernia, the seveiitj of symptoms piesent, 
and the degice of esophagitis demonsti.ited by esophagoscopj 

Virtuallj all the cases of esophagitis weie of a moie or less eluonic natuie 
but admittedlj a few weic faiih acute, bioiight on bi vomiting, oi bi dietaij 
01 alcoholic excess All the patients undergoing suigeiv had esophagitis of a 
chioiiic nature in teims of duiation of symptoms, and most had been on a 
pieiious medical legimon 

PRESENT ITIOXI OF XIATEBIVL 

The picsont lepoit lepiesents the eontimiation ot a stud> of 55 patients 
with esophagitis lepoittd in 1956’ Piom Janiiari, 1940, to Dee 31, 1958, 130 
patients, laiiglng iii ago fiom 27 to 84 yeais. luue been seen with vaiMiig de 
glees ot esophagitis In 103 (79 pei cent) ot these patients, a hiatal henna 
was present, and m 27 (21 poi cent) patients no hiatal henna could be donioii 
stiated This distiilmtion is in accoid with the icpoits ot other mvestigatois 

The symptoms in these individuals existed foi vaiyiiig peiiods of time 
and woie the usual ones of substenial pain ladiatmg thiough to the liack, and 
heait hill 11 and djspepsia, usually made worse bj food and alcohol iiidisoietioii 
as well as by Ijing down Bleeding was fiequcntly piesent, laiih as massive 
homoiilidge, moie ficquently occult in natiuc Dysphagia was not a constant 
finding The esopliagogiams of all the patients wcie levicwcd to coiifiim tin, 
picseiicc 01 absence of a hiatal henna and to attempt to coiielato the x lav 
hiidiiigs, sjmptoms, and the findings icpoited by esophagoscopj The inajontj 
of patients weie subjected to esophagoscopy bj us to asceitain the degiee ot 
esophagitis piesent AU ot the hiatal heinias wcio ot the concentnc type, with 
the exception of two classified as paiaesopliageal Two patients have been lost 
to adequate follow up exaiuuiation, and 2 patients died postopeiativoly, leaving 
126 patients in whom the lesults of tieatmcut could be evaluated 

Factors in the development of esophagitis othei than a hiatal lienna were 
ascertained, and these aie listed in Table II In 103 patients with esophagitis 
and luatal hernia, tlie hiatal heinia was the onlj apparent cause foi the 
esophagitis iii 83, while 20 patients had otlici significant lesions as listed Foui 
teen patients had evidence of an associated gastric oi duodenal ulcci, 1 of whom 
had had a pievious caidioplastj One patient had had a pievious gastiic le 
section foi duodenal uleei, and anothci a gastiociitciostomj In those indi 
viduals vvitli esophagitis and no demonstiable hiatal heinia, no specific etiological 
factor could be found in 10, while the othei 17 patients had a specific piccipi 
tating event oi lesion associated with Bie development of the esophagitis (Table 
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patients by sutuiing the teimiiul esophagus to the adjacent gastuc tuiidiLs, 
ivliile, in othci-s, the tuiidiis of the stomach was siiiiplj sutmed to tlie dome of 
the diaphiagm In no instances nere associated diaiiiage opeiatioiis on tlie 
p>loins, gastiic leseetioiis, or othei aiicillaii pioccdiiies peifoiiiied Post 
opeiativelj, the patients weio advanced lathev lapidly to a regulai diet, iiiaiii 
tainiiig an ulcci legiineii only if the svmptoiiis ot esophagitis peisisted foi that 
shoit inteival ot time dining which the esophageal lesions iioie healing Occa¬ 
sional postopeiatue dilations iieie ncecssaiy in those iiidividuals Mitli eso 
pliageal stiictuio 

RESULTS 

The lesiilts of tieatinent in the 130 patients eoiistitiiting the basis of this 
lepoit aie suiinnaiized in Tables IV and V Oiilj' 2 patients in the eiitiie 
senes iieie lost to follow up studi Theie wcie 2 postopeiative deaths, 1 fol 
lowing closiue of a spontaneous peiloiation of the esophagus, the othei follow 
ing the lopaii ot a hiatal lieinia Moibidity was that usualh associated with 


Table IV Treatment op Esophagitis With Hiatil Hekma 
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Table V Treatment op Esopiivgitis 'Without Hivtai Hernii 
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thoracic procecluro.s. Peculiar to the operation of hiatal licrnia repair in this 
series was the development of temporary dysphagia in a few patients postopera- 
tively when none existed preoperatively. The dyspliagia subsided spontaneously, 
and only occasionally was a single dilatation necessary. 

Of the 103 patients with a demonstrable hiatal hernia, 65 had hiatal hernia 
repair as definitive treatment for the associated esophagitis. The esophagitis in 
29 of these patients was graded as severe, and *23 of these had a strictured or 
short esophagus. ;Sixteen patients had moderate esophagiti.s, and *20 iuid mini¬ 
mal esophagitis. The majority of tlie patients had .significant .symptom.s, liow- 
ever, regardless of the demon.strable severity of the e.sophagitis. The results of 



Fi{j. 3._a, Efeophagmins before treatment for esophagitis ^\itll stricture and hiatal liernia. 

h jVfter •'"years of medicai tlieiapy during which time tiiirty-seven esophageal dilatations 
were done Although tlie patient is relatively asymptomatic, there is little change m the x-ray 
appearance. 

surgery in terms of alleviation of prior symptoms, ability to eat all types of 
food, and ab.sence of the need of special medication or treatment were good in 
58 of the Go patients with hiatal hernia repair. The results were fair in 3 
(improvement, but not complete amelioration of symptoms), and poor in 4 
(no change in .symptoms in 3, and death in 1). The poor results occurred in 
3 patients with severe esophagitis, and 1 with moderate esophagitis. Twenty- 
five of 29 patients with severe esophagitis were completely cured with the 
ability to eat types of food the ingestion of which for years previously re¬ 
sulted in intolerable .symptoms. Patients witli moderate or minimal esophagitis 
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all had good or fair results with the exception of 1. It is iiiteresliiig to note l)y 
way of contrast that in the 35 patients having esophagitis and an associalwl 
hiatal heniia treated medically, the results of treatment were good in only 8, 
fair in 14, and poor ju 13. There were 15 patients willi severe esoplmgili.s in 
this group; 13 had fair or poor results, and only 2 had good re.siilts. The roent¬ 
genograms of one ot the patients with a good result are .shown in Fig, 3. This 
patient received 37 e.sopliagoal dilatations over a ijoriod of 2 yeur.s, has only slight 
dy.spliagia, and i.s leeenmg dilatations about every (i Jiionlhs at present. 

Two patients had esophagoga.sti-cetoniy peiTormed as (he liealmeiil of 
choice for esophagnis. i.iily in our c.xperience, with poor I'csillt.s, 'I'liis opera¬ 
tion would not he dole at the prc.scnt time. 

Twent,\-^i M II pitents in whom no liialal hernia could be demon.sti’iited 
were treated i o (soio ijitis (Table V). One patient was lo.sl to follow-ii)), and 
1 patient d.i d tnliov n _ lepair of a .spontaneous e.sophageal perforation, 'I'welve 
patients wen I'ea,, 1 U\ the consciwativc means ovitlined previously, svitli good 
results in it and pool i ■ s ills in only -3. Four of fi patients with severe esopliagiti, 
reported good nsnl'- Siven patients who iiad recoustitution of the eardhie 
sphinctei mech.it i-e ,is the treatment for their esophagitis will be ili'wiu'icd 
later. Four pat" 11 ni an csophagoga.slrectomy, with a good result in only 
1 and poor results i • other 3, One patient .STirvived repair of a sjionlamon > 
perforation of tin ■ . Itagus, and 1 patient died following this proeidiire. 

In oils one im' • so far !ia.s a jejunal interposition pioetdure V-en done; 
this in . patient « toiig-standing esophagitis following a ileineke-,\Iiknlie/! 
cardiop sty for aeh- of the esophagus. The result has laen outstandingly 
"■ood. I the liglit o e.xperiencf-. 2 other patients ate Irdrig (;on-ider<d for 
this opf ition at tlie J —‘tit time, one having had a previous <~s/p!iagoga>lr"o 
tomv, a 1 the other a Ifenicke-llikulicz eardioplastj'. 


BEi sthuctio.v Or JE c.uuiLic stiiincje:: s:; wrj/t 

EsO, 1 tCITI.S ,\XD xo fAIOX.'TUSEla: UI.1T,SI. niS-'.'il 
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in aisooialion with a hiatal heinia It is well known that hoiniation of the 
stoinaoh tluough the esoph igeal hiatus is fietiiientlj imsbed on loutine iippei 
gastiointestnial studies, and may be difficult to denionstiate even when special 
effoits aie made In othei instances, although no hiatal lieinia is seen, it ls 
liossiblc to demonstiatc legiugitation of baiiuin fioin the stomach into the 
isophagiis, indicating iiisuffieieiicy ot the caidiae sphinctei nieohaiiLsin Tlieic 
aie at least 4 patients in the pieseiit seiics in whom a hiatal lieinia was found 
oiilc nltei lepcated May exainiiiatioiis Puitheinioie, we ha\c been intiigued 
on occasion be the fact that what has been consideied a hiatal henna by us 
has been inteipietcd and lepoited by the ladiologist as a phieiiic ampulla 
This discussion points to the coiielusion that small undiseoioied hiatal heinias, 
01 at least an anatomic insufficiency of the caidiac sjihinctei mechanism, aie 
iLsponsible foi iiianv cases of so called “true” peptic esophagitis, and that if 
a small tiaetion” hiatal heinia is piesent, it is likely the cause lathei than 
the lesiilt ot tlie esophagitis It should logically follow that certain patients 
with esophagitis in whom no hiatal heinia is demonstiated should benefit bv 
iccoiistiuetion ot the caidiac sphinctei inechamsm as in hiatal henna lepaii 
ScMii patients in the piesent study falling into this categoii of esophagitis 
with no dcmonstiable hiatal henna wcio opeiated upon, and the eaidiac 
sphinctei ineohainsm was lecoiistiUitcd in the usual maniiei The lesults of 
this piocediue iii all 7 patients wcio uintoimly good Tlnco case lepoits follow 
of patients who aio tjpical ot the gioitp 

Cs.feE 1—M B , i 37 \eo,roUl \sUito mile Kboraton worler, had had epigastne aul 
substcnul pun 14 yiar^ puoi to idnmsion Ihe burning pam was iggrni Ucd b> diml inj, 
lUoholit bciprigC'*, dietirj retion, smoking, uid lying down ifUi meals Tht pam 

w u. pnrtnlU tontrolKd for ''Iiort intends bj diet and autiouh 'Vraj studies failed to 
show (.lukiKi of the prtsciKC of an i-sopliagial hutd lurma (Fig 4, n) The physical 
t\aminatiou w is not remarkable On Pic 13, 1958, tsophaguiscopy rc\e dtd a minimal chronic 
esoplngitis with frt( regurgitation of gastric juice into the teiimnal esophigus Following 
this e\amiiiation, reeoustitution of the c irdiac sphincter meehamsm was done through a trails 
thoracic approach At tlie time of burgirj tin e>opliigtal liiatus w is patulous, but no evi 
deuce of a hiatal hemii w is seen The postopeiatiic coui«c was inieieutful, and the patient 
w IS discharged on the nmtli postoper itive d ly He retuined to work 2 weeks liter uid has 
bun entirely asymptomatic to the present tune on an unlimited diet coiitainuig foods that 
could not be ingtstcd previously 

Casl 2 —E D , i 35 year old white male strel worker, compl lined of substeriial burning 
of 4 yens’ duration aggravated by lying down after meals and it night He had been on 
ulcer therapy with little rebet for the fiist 2 jtais of lus illness, and discontinued this 
tl erapy whin he realized it w is not helping Upper gabtromtcstinal studies in aiioUier hos 
pital ■showed no endeiicc of a hiatal liermi, gastric, or duo leu il ulcei On two prior hospital 
admissions esophagoseojjy disclosed esophageal erosions in the terminal esophagus He en 
tend tlie hospital for opeiatiun compl uinng of an increase m Jus syanptoms for the previous 
3 months Physical examination was noncontributory \ ray studies again failed to demon 
sti vte i hiatal heinia (Pig 4 7>) Esophagoscopy disclosed inuumal esophagitis with re 
gurgitation of gastric )Uice At opentiou on Vpnl 22 1957, it was noted that the osophageil 
liiitus was patulous Tliere was i minimal bulging of the stomach through the diapliragm 
His jiostoperativo course was uneventful except for a hydrothoras on the left wliieli cleared 
with a single ispiration He was discharged from the hospit il on tho thirteenth postoperative 
day He has been asymptomatic to the present time except for some residual chest wall paiu 
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ASE 3. A. H., a 3o-year-oM white male salesman, was admitted to the hospital with 
a 9-mouth history of substernal distress and postprandial pain, particularly aggravated by 
alcoholic intake which was seemingly a necessary part of his job. Physical examuiation was 
noncontributory. At esophagoscopy on March 24, 1956, a moderate esophagitis with linear 
erosions was noted. X-ray studies at tliis time showed no evidence of an associated hiatal 
hernia (Fig. 4, c). He was placed on appropriate medical therapy with no satisfactorj' relief 
and he returned for operation on May 2S, 1956. At operation the esophageal liiatus was 
lax, and a very small but definite hernia was seen. The postoperative course was satisfactory, 
and he nas discharged from the hospital on the thirteenth postoperative day with complete 
lelief of his symptoms. He has returned to his prior occupation as a salesman with no 
recurrence of symptoms to date. 

Definite esophagitis of a minimal or moderate degree associated with visible 
refinx of gastric juice was confirmed in all these patients bj’' esophagoscopy. 
At the time of operation, definite anatomic changes were noted in the region 
of the esophageal hiatus in all 7. These consisted primarily of relaxation of 
the muscles constituting the I’ight exus of the diaphragm making the esophageal 
hiatus more patulous than noiunal. A small portion of stomach protruded 
through the hiatus into the chest in 4 patients. No visible evidence of herniation 
was present in the other 3. In spite of such minimal anatomic findings, all of 
these patients benefited from surgical I’ceonstruction of the cardiac sphincter 
mechanism with complete alleviation of the preoperative symptoms. 

DISCUSSION 

An attempt has been made to present in specific terms what is thought to 
be the proper treatment of peptic esophagitis. Obviously, all therapy must have 
as its end the inhibition of the damaging eft’ects of acid-peptic juice on the 
vulnerable esophageal mucosa. To accomplish this, such contributing faetoi-s 
as an associated duodenal ulcer, the presence of a hiatal hernia, or previous 
surgeiy at the esophagogastric junction must be assessed in the light of their 
specific contribution to the production of the esophagitis. It must be decided 
whether the esophagitis can be impiuved by simple neutralization of the re¬ 
gurgitant acid juices as with the usual medical therapy, whethei* the acid-peptic 
juice itself must be eliminated by destroying the secretory potential of the 
stomach as in extensive gastric resection, or, finally, whether correction of an 
abetting factor such as an associated hiatal hernia will be sufficient to prevent 
further esophagitis. If the esophagitis can be traced to a single initiating event 
such as an episode of severe vomiting, or the presence of a gastric tube during 
the postoperatrte period, in which the insult to the esophagus is not likely to be 
a continuous or repetitive one, eonseiwative therapy may well be considered as 
definitive treatment. In instairces of elu-onie esophagitis with a more insidious 
onset, every attempt should be made to demonstrate the presence of an asso¬ 
ciated hiatal hernia or ineompetency of the cardiac spliincter mechanism. If 
the presence of a hernia is demonstrated, medical therapy has been unsatis- 
factoiy, in our experience, in that only 8 of 35 patients obtained good resifits. 
Contrarimse, patients without an associated hiatal hernia were treated fairly 
successfully by medical means. It is believed that the poor results in the former 
group are due to the continued presence of the hiatal hernia as an abetting 
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factoi la spite ot tlus, patients should ahvajs be giieii a tiial of medical 
theiapy pilot to opeiatioii, not only because a few will lespond satisfaetoiilj, 
but also because in most instances theie will be some legiession of the esophagitis 
making the contemplated opeiatioii casiei to accomplish 

In those instances in ivhith the esophagitis is associated with a ledueible 
henna, it is gttieialK accepted that icpaii of the henna is the treatment of 
choice Houevei, some diffcicnte of opinion e\ists as to the piopei tieatment 
ot those patients Mith a shoit oi stnetuied esophagus associated nitli an ii 
leducible henna Twentj nine patients m the piesent senes had se\eie esopha 
gitis, and 24 of these had a stnctuic oi shoit esophagus dcmonstiable b\ \ laj 
studies and eonfiimcd b\ tsophagostopic findings cmplosnig tin tipe of 
henna icpni desenbed pieiioush, it Mas possible to obtain good lesults in 
20 of tiicse patients, with pool iisults in oiih 3 One of the tailuies occuned 
in a patient mIiosc simptoiiis Mere aggrasated bi a Inige aleoholie intake In 
aiiothei, a pieiious gastiectoiiu toi duodenal uleei indicated the possibiliti of 
a lathei intiactable situation In a thud, death occuned postopeiatueh It 
IS trulj remaikable to note the lapid icgressioii of simptoms and signs of 
esophagitis once the esophagogastiie junction is leplaccd beloM the diaphragm 
to bleak the \icious ojelo of acid peptic nutation of the esophagus In mcm 
of such satisfacton results Mitk a pioceduie that neitbti changes the normal 
pliisiologs noi the funetioiial capacits of the upper gastiomtestiiial tiaot, e\ 
tensive gastne suigen or plastic pioceduies on the esophagogastiie luiiction di 
not senn justified as a pnniarj thciapcutic effoit There aio esceptions to anv 
rule, hoMovei Instances in mIucIi the tciminal esophagus is dedioved bv 
ehioine irntatioii and mfiammation, to the extent that it must be leseoted 
occasionallv esist 

There weie 14 patients in the present senes Mitli evideneo ot a gastne oi 
duodenal uleei associated with a hiatal heinia, suggesting either an ulcer diatli 
esis 01 the possibilitv of a gastne outfloM obstruction as an additional abetting 
factor In no instance was more than hiatal henna repair necessan to obtain 
a good result in anv of these patients, although in one a simple Ramstedt type 
pjloioplasty was contemplated 

Piobablj the most senous pioblcms in treating esophagitis arise in those 
individuals who have a severe esophagitis lesultmg fiom previous suigeij on 
the esophagogastric junction Our attempts at treating esophagitis bv^ esopliago 
gastreetomv resulted in almost iiinform failuie, with continuation of the esopha 
giUs Oui most successtul experience m ith this problem recentlj has been with 
1 patient in whom a jejunal iiuciposition pioceduie was done vvitii a icsult 
gratifying enough to encourage contemplation of the continued use of the pio 
eeduie in 2 more patients in the near future IVc favor this opeiatioii to that 
pioposed bj Ellis,*" since the latter procedure leaves gastne mucosa in juxto 
position to that of the esophagus, winch past experience has shoMii eieates the 
potential foi fuithei esophagitis *“ 

The teelmique of hiatal heinia repair to reconstitute the ciidiac sphincter 
mechanism in certain individuals with intractable leflux esophagitis, in whom 
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no hiatal liemia can be demonstrated, has been used with gratifying results. 
This may seem like a radical approach to the probleih at first glance. However, 
if one concedes that peptic esophagitis is the result of i-egui-gitation of aeid- 
peptie juices from the stomach, accepts the well-known fact that a small hiatal 
hernia or reflux may be difficult to demonstrate roentgenologically, and accepts 
the satisfactory results obtained by the reconstitution of the cardiac spliincter 
mechanism as in hiatal hernia repair, then this approach to the treatment of 
peptic esophagitis witliout demonstrable lieniia seems reasonable. The good 
results in 7 patients treated in this manner, all of whom liad been on prolonged 
medical therapj’- piior to surgeiy, strengthens this contention. 


SUMMARY 

1. One hundred and thirty patients with peptic esophagitis are presented. 
One hundred and three had a demonstrable hiatal hernia, and in 24 no as¬ 
sociated hez*nia was found. 

2. Associated etiological factors, such as severe vomiting, the presence of a 
duodenal ulcer, or previous operations on the esophagogastric junction, are 
discussed. 

3. Hepair of the associated hiatal hernia, rather than one of the other more 
complicated procedures recommended recently, is suggested as the treatment of 
choice, even in those patients with stiicture and shortening of the esophagus 
associated zvith an irreducible henlia. 

4. As a new concept in the treatment of esophagitis, reconstruction of the 
cardiac sphincter mechanism as in hiatal hernia repair is suggested, even though 
no definite hiatal heimia has been demonstrated, in ceihain .selected patients in 
whom long-term medical therapy has failed. 
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DiSCUbblON 

DR BEATTY H. RAMSAY, Santa Monica, Calif.—I would like to complimeut Dr 
Cross on his paper, with which I take no exception 

Recently, in reading a book about the Nautilus submarine, Dr Kickover was said to 
have interviewed offleers and put them into precarious situatious unexpectedly and a&keil 
tluni what they would do about it. One such time he told an ofticer that he had juat been 
put on a lifeboat with 4 otlier men, onlj one of whom could live How could he talk the 
othei 4 into allowing liiniM'lf to bo the ‘•urvivor? 

[ w:i3 recently brought into a situation I ha«l not experienced before with regard to 

(■'•ophagitis A 46 J ear old patient had ncvei sought medical care, although for 4 jears he 

had had severe obstruction on swallowing At the tnin' he was seen ho was unable to swallow 
it all and had lout 20 pounds of weight. 

The barium study showed a marked constriction of tlu* lower esophagus 4 inches above 
the cardia, and through this veiy little baiium could pass An adequate study for hiatus 
hernia could not be made Esophagoscojiy was perfectly normal as tar as Jiis obstructing 
lesion, but at this point there was a very iigid stenosis and dilatation was impossible. A 

No 20 bougie tip could be jiassed through into the stomach, but dilatation did not occur, 

and tlic bougie tip was tightly grasped There was no sign of esophagitis above tins lesion 
at all. 

We thought It could be malignant, but tho 4jear history, of couise, suggested an in 
llammatory etiology. An attempt was made to ticat him by conservative methods so that 
a better study could be obtained He had never had any form of antacid therapy. 

However, in tlie hospital, with all the help wc could give him, he was unable to swallow 
even lus saliva We were therefore in the position of having to do something about his 
dysphagia. 

At surgery we did a linear csophagomjotomj m the Heller fashion, in order to deter¬ 
mine the pathology. Wo obtained a biopsy of tlie entire thickness of the fusiform lesion 
from the external musculature down to and including tho mucu'sa. The outstanding feature 
hero was an eccentric lesion, 2 inches in length, where the pathologj appeared to be edema 
within the muscle coat, with chronic and acute Miflammatioii of the muLOsa 

In essence', there was fibrosis of years* duration with acute inflammation and ulcera¬ 
tion No nuUignaucy having been found, the question was, what to do? Slinnhl wc do an 
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extensive resection on this man who had never had any therapy before but who could not 
swallow? 

There was an hiatus hernia sac present but nothing' was contained therein. 

All -we did was suture the mucosa very carefully, leaving the muscle apart as in the 
typical HeUer esophagomyotomy. 

The esophageal lumen was now large enough to accommodate a No, 18 Levin tube and 
a linger; therefore it seems that the ob-structing factor was in the muscle wall, mostly due 
to edema and was not mucosal constriction. There was no problem during tlie postoperative 
course. Eelief of the mural obstructive factor by simple longitudinal myotomy, plus cor¬ 
rection of the hiatus hernia or other primary cause, may prove to be elfective treatment for 
inflammatory strictures of the lower esophagus and thus save those people from e.xtensive 
surgical resection. 

HE. MAX G. CAETEE, New Haven, Conn.—I should like to congratulate the authors. 
I think they have done a splendid job, and I don’t think they need to feel any temerity at 
all about suggesting surgery for the patient who has peptic reflux esophagitis, because we 
all know it is a bad disease. 

I merely would like to make a suggestion which many of you know about, I am sure, 
for refining the methods of diagnosis in that group of patients in which hiatus hernia is not 
obvious. Most of us now have improved radiologic facilities beciiuse of the advances in 
cardiovascular surgery. Image amplification with cineradiography is very useful for study 
of the barium swallow. A moderate number of patients in whom the diagnosis of esophageal 
vestibule or ampulla would otherwise be made will be found to have very small short 
esophagus-type hiatus hernias. This I am sure is the group in which the authors found great 
improvement, although tlieir radiologists were unable to demonstrate hernias by the tradi¬ 
tional methods. 

DE. ALFEED HUEWITZ, Brooklyn, N. Y,—I would like to compliment Dr. Cross and 
his associates for a thought-provoking and lucid paper. 

There is a law akin to Parkinson’s law which I think can bo applied to this problem: 
namely, that the success rate of any operation varies in inverse proportion to the number of 
operations that are currently employed. I think, however, that many of the operative pro¬ 
cedures that have been devised have a good deal of efficacy, and witli that in mind, during 
the past 2 years I have combined salient features of operations that have been employed 
in the past. 

I hesitate to mention before this .Society my preference for tlie transabdominal ap¬ 
proach. Even in the obese patient, I have had little difficulty in exposing the diaphragmatic 
aperture. I prefer to do the repair in the manner described by Harrington. I find tliat I 
can reach the more caudal aspects of the aperture more easily by the transabdominal ap¬ 
proach. In addition, exploration of the abdominal organs can be carried out and chole¬ 
cystectomy can be performed if indicated. 

Then I reconstitute the angle, an approach which Mr. Barrett has emphasized, by 
placing two or three sutures between the medial wall of the fundus and the left lateral wall 
of the esophagus. The fundus is then anchored to the undersurface of the diaphragm with 
several additional sutures. 

If the patient has an elevated gastric acidity, a bilateral vagectomy is done at this 
time. A Heineke-Mikulicz pyloroplasty is performed in all instances. This procedure con¬ 
stitutes another reason for my preference for the abdominal approach. The pylorus i.s 
sutured in a transverse direction with interrupted silk sutures of the Gambee type, a metliod 
employed for many years by Weinberg of Long Beach. 

Our series is too small and the follow-up period too short to be statistically significant 

but our results thus far have been most gratifying. 

One final word, and that is that the iatrogenic complication of esophagitis, secondary 
to Levin tube intubation, can be eliminated by the use of gastrostomy tubes, and we aro 
using them with increasing frequency. 



Vol 38 No 6 
December, 1959 


PEPTIC ESOPHAGITIS 


813 


DR. WILLIAM E ADAMS, Cliicago, Ill—I would like to say just a word about a 
factor that has alreadj been mentioned, namely the question of malignancy arising in these 
patients 

We ha\o rtecntlj xeviowed 32 cases of the short esophagus typo, in 8 of which tliere 
was a malignancy arising on the stomach side of the esophagogastric junction. I am sorry 
to add that m those patients that weie tieatcd longer than 2 jears ago none lived longer 
than that time. 

DR. CROSS (Closing) —1 would like to express my appreciation to tho«e individuals 
wlio discussed this iiaper, and I would espceiallj like to reemphasize what Dr Carter stated 
about small hiatal liernuus being pitsent when they are not demonstrable by ordiiiarj e\ 
aramatiou This is one of the important points of the piescntation, that is, that small 
hernias may be present, although not deinoustrated, and that such patients (an be helped bj 
hiatal hernia repair Oui collcMgues in internal medicine categorize these patients a'^ having 
“true” or “pnmarj” esophagitis, and ticat them medically, frequently without too niueh 
success. 

The second important point tliat 1 would like to reemphasize is that I think we have 
shown that even severe esophagitis can be tieatcd successfully by surgical repair of tin 
associated hiatal hernias, and that other ancillary procedure*’, such as drainage opeiation«, 
vagotomy, etc, are not mcessary, and they may even complicate the result 



UTILITY OF A NEW PROCEDURE OF VALVULAR ESOPHAGO- 
GASTROSTOMY IN CASES OF BRACHYESOPHAGUS AND 
STRICTURE: CLINICAL AND EXPERIMENTAL STUDIES 
OF CIRCUMFERENTIAL ESOPHAGOFUNDOPEXY 

David H. atkins, Ph.D., William R. Rundles, Al.D. (by invitation), and 
Louis Tatom, Al.D. ^by invitation), Denver, Colo. 

R egurgitation esophagitis and peptic uleeration at the esophagogastric 
junction is an important problem at the present time, despite extensive 
experimental and clinical investigations to elucidate the mechanisms of de¬ 
velopment of the lesion and despite ingenious suggestions for operative 
management. 

Since Quincke^ in 1879 inculpated the gastric digestive juices as being 
the principal agents producing esophagitis, a continuing, accumulating body 
of information tends to confirm this opinion. Esophagitis may be produced in 
rats by the simple expedient of pyloric ligation. Esophagitis has been pro¬ 
duced by implanting gastric mucosa into the esophagus, and acute, experi¬ 
mental ulcers of the esophagus have been shown to be retarded in their healing 
in the presence of hydrochloric acid. The presence of esophagitis has been 
correlated with the regurgitation of acid peptic secretions. 

The 23hysiology of the eardia is still not completely explained. The differ¬ 
ent experimental investigations and clinical observations, however, suggest 
that this closing mechanism is dependent on several factors. Reflux is pre¬ 
vented normally in five ways: 

1. By the oblique implantation of the esophagus into the lesser curvature 
of the stomach like the tip of a whistle, where the esophagus forms with the 
fornix of the stomach the acute angle of His. (The mucosal fold produced is 
called the valve of Ctubaroff.) 

2. By the muscle fibers of the stomach along the lesser curvature which 
lie like a sling suiTounding the eardia. This loop of gastric muscle, just deep 
to the mucosa, which passes around the eardia and down each side of the 
lesser cuiwature helps maintain the angle of His at the incisura. The eaidiest 
description of this muscle comes from Thomas 'Willis of Oxford, who not only 
described the loop but showed it in a drawing dated 1674. 

3. By the muscle fibers of the right crus of the diaphragm which stabilize 
and support the right border of the esophagus. 

From the Professorial Surgical Unit and the Division of Surgery, Denver General 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur- 
gery at Los Angeles, Calif., April 21-23, 1959. 
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4: By tile fact of a tome action of the esophagus oi of a sphmetei muscle 
in the legion oi the eaiclia, which is found in a state of peimanent tonus This 
has been a point of eoiitiiiuiiig aigumtnt between anatomists and phjaiolo 
gists, but 111 my opinion theie is no eleai cut eiideiiee of such a sphiiictei 

5 By aiiothei stiuctuie which exists iii man to oppose the tendency for 
the caulici to pass into the posteiior iiicdiastiiiiiiii when the tliaphiagm is le 
laxed in expiiatioii This is the diaphiagmatico esophageal niembiano oi 
elastic ligament, a modification of the abdominal apoiieuiosis of the diaphiagm 
(and tlieiefoie iclatiiely fixed at its oiigiii') , it budges the esophageal hiatus 
and IS nisei ted into the adventitia of the gullet as a niembianoiis iing with 
upwaid and dowiiwaid “cuff” extensions 

Oi, using anothei foiniula, these difEeieiit gioiips of muscles and fascias 
sei\e essentially two functions to pieseiio oi to exaggeiate the acute angle 
ot entianee of the esophagus into the stomach, and to close the lowei cud of 
the esophagus like a sphinctei We have thcicfoio a kind of vahe action and 
a Iniid of sphiiietei action 

The meoinpetenee of the caidia and esophagitis associated with esophageal 
hiatal heinia are automatically collected when the now fanly standaidized 
methods foi icplaeing the stomach below the diaphiagm and collecting the 
hiatal defect aie applied What aic these piiiiciples to be apiilied to the 
suigical lepaii of an oidmaty sliding esophageal hiatal heiiiin in which the 
esophagus has its nouiial length (as detcimined by csoplngoscopy) and in 
which the stomach can be easily lepKccd withm the abdominal canty*’ (1) 
Reduce the hciiiia to picieiit icflux (2) Dimmish the size of the esophageal 
hiatus to pioieiit locuiieuce of the heima (3) Rceonstitute the csophago 
gastiie angle by fixing the caidia below the diaphngm and by diaphiagmatico 
fuiidopexy to allow the fundus to balloon up inidei the dome of the diaphiagm 
Ill cases ot esophageal hiatal hcinia m which peptic uleei has piogiessed 
to stnctuie toimation and whcie the stuctuie is tough, fihious, and incapable 
of dilatation to full calibei, moic complicated theiapy is indicated In these 
cases, the eaidia and affected esophagus must he icsccted and the digestive 
continuity le established The opciatioii ot Wangensteen may he pcifoimcd 
by lesccting the entire acid healing aiea ot the stomach, and eicatmg an 
esophago antial anastomosis with an cxtiamucosal iiyloioiuyotomy The 
difficulty with this opeiatioii is the loss of the gistiic leseicoii The opeiatiou 
of Allison may he leeommendcd ni ccitain cases Ifeic, following a subtotal 
gastrectomy which leaves only the gastiac aiitium, continuity is rc established 
by an esophagojejuiiostoniy with the Roux on Y The ciiticism of this pio 
ceduie is the absence of the gastiic icseicoii, and shoit ciieuiting of the 
dnodeno paneleatieobiliaiy block Recent studies haio suggested that the 
mteipositioii of an isopeiistaltic segment of jeiuiium ileum, oi colon between 
the esophagus and stomach may pieicnt leguigitation of gastiie oi duodenal 
contents into the esophagus and hence aioid esophagitis 

While these methods aie all cxtieincly useful in given situations, it would 
appeal that a technique which would allow lesectious of stiictmes of the lowei 
thud of the esophagus togethei with ineseivation of the stomach by a simple 
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Fig-. 2. F'iS’- 3. 

Fig 2—The first step in performing circumferential esophagofundopexy consists of creat¬ 
ing a Witzel type tunnel for the esophagus by approximating the anterior and posterior wans 
of the stomach with interrupted sutures. 

Fig. 3.—The sutures placed to form the circumferential esophagofundopexy are being tied. 
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sm'gieal technique would be much picferablc because these lesions are fre¬ 
quently found in old, debilitated, starved people. Thus, our attention was 
drawn to investigation of a simple method by which e.sophagoga&trostomy 
would be performed in such a fashion that rofluK esophagitis would be pre¬ 
vented. 

IIATEUIALS AND METHODS 

I. fifteen adult mongrel dogs were prepared. The abdomen was opened 
through a left rectus muselc retracting incision, and the fundus of the stomach 
was resected, making certain that the sling muscle passing aroinul the 
esophagogastric junction at the angle was completely intenuptod The 
stomach wall was sutured, utilizing two layers of sutures 



Fig 1. FiS 3 

Fig 4—Tiie completed appeatanct- of the ei>ophaeofundope\y is well shown The ap¬ 
proximation of the anterior and posterioi walls of the stomach must extend well below the 
Junction of the esophagus and stomach 

Fig 5—Fiontal section showing the disposition of the esophagus with relation to the 
wall of the stomacli and the magenblase The insert shows the approximation of the esophag¬ 
eal walls at tiie position of rest (absence of swallowing) 

II. Ten dogs were piejiared for coutiols by placing the c.ii dioesophageal 
junction above the diaphragm by interrupting the diaphragmatieo-esophageal 
membranes, and thus creating a sliding type of esophageal hiatal hernia. 
These animals weto observed o\er a ijexiod of 18 months. The edges of the 
hiatus were sown to the piolapsed stomach with intorniptod silk sutures. In 
a few cases the hiatus required enlargement by an incision through the hiatal 
ring. 
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III. Twenty dogs were prepared as follows. Through a left transthoracic 
hreision the esophagus was identified, the esophageal hiatal ring was incised 
in a radial direction for 2 to 3 cm., and the stomach was drawn up into the 
left pleural cavity. The eardioesophageal angle was reconstructed above the 
diaphragm by appi'oximating the medial border of the gastric fundus to the 
left^ border of the esophagus with a row of interrupted sutures of 3-0 silk foi- 
a distance of 5 to 10 cm. from the eardioesophageal junction (Pig. 1). With 
the angle thus reconstructed, circumferential esophagofundopexy was carided 
out. The anterior and posterior surfaces of the fundus are wrapped around 
the distal esophagus for a distance of 4 to 6 cm. and approximated by inter¬ 
rupted silk 3-0 sutures to produce in essence a Witzel tunnel (Figs. 2, 3, 4, 5). 



Fig- e—A stricture mvohing the lower thud of the esophagus has been excised, and 
the inosculation of the esophagus into the caidia has been obhteiated by suture. An esopha- 
gogasti ostom> is being perfoiiued on the lesser cur\aUire. 


Thus, the esophagogastric junction, angle, and Witzel tunnels were left in the 
left pleural cavity Avith the diaphragm loosely sutured to the stomach below. 
The diet Avas gradually increased from fluids to lull kennel ration. 


In 10 dogs the same plan of procedure Avas carried out except that the 
distal 4 cm. of esophagus Avere resected and esophagogastrostomy Avas carried 
out (Pig. 6) utilizing the same plan of circumferential esophagofundopexy. 
Dogs AAdth these esophagogastric anastomoses received nothing by mouth for 
the first 3 postoperative days. 

Esophagoseopy Avas routinely performed under Pentothal anesthesia pre- 
operatively, 4 to 6 Aveeks postoperatively, and at intervals thereafter until the 
animal Avas sacidficed. After the first esophagoseopy, a nasogastiic tube A\as 
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jilaeed into the stoniaeh imd 200 e.e. of a thin barium susjjensioii was injected. 
Keflux was determined by dnoro-seopy, utilizing a tilt-table in the Trendelen¬ 
burg position and manual pressure on the abdomen. 

IV. Fifteen normal fresh postmortem human esophagi and stomachs were 
studied. The pylorus was eainnilatcd and the stomach was distended with 
water from a reservoir which was raised alongside a measured nile until the 
water was seen to escape from the esophagus. These experiments were carried 
out with the fundus of the stomach in different positions in the body and fol¬ 
lowing removal from the body. In six stomachs a sham operation was per¬ 
formed obliterating the angle of His initially and then canying out eireumfer- 
ential esophagofundopexy (Fig. T). Studies were made observing regurgita¬ 
tion following caimulation of the i)ylorus, and roentgenographie studios were 
eai'ried out utilizing thin suspensions of bai-ium and distention of the stomaoli.s 
with air. 



KESULTS 

In the group of animals in which fuuduseetono' was carried out, and in 
whieli the loop of Willis remained intact, no esophagitis developed over a period 
of 12 mouths. On the other hand, in those animals in which the loop of Willis 
was interrupted during the fuirdusectoray, esophagitis appeared promptly, 
usually within 4 to 6 weeks. 

Peptic esophagitis does not develop so regularly following the production 
of an 'experimental hiatal hernia by drarviiig two thirds of the stomach into 
the thorax and fixing it to the cut edges of the diaphragm by suture as it does 
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follo^^ang esophagogastrostomy or by surgical excision of the left ciiis of the 
cauine diaplu’agm (which is comparable to the right crus of the human 
diaphragm) and allowing a cardiac incompetence to develop gradually. The 
de^ elopment of esophagitis may be hastened by obstruction of the superior 
gastric loculus. In any case, however, evidence of peptic esophagitis developed 
within 9 months in three cpiarters of these animal prei^arations. 

The sei’ies of dogs which had been prepared by circumferential esophago- 
fundopexy showed no evidence of peptic esophagitis when they were observed 
ovez- a pei’iod of 36 nzonths. During esophagoscopy in these animals slight to 
moderate resistance was encountei-ed in the distal esophagais. '‘With slight 
pressure the esophagoscope passed through this area, and its passage was some¬ 
times followed by escape of gas or fluid. All of these animals demon.stratod 
competency with the bariuizi studies, whereas the hiatal hernias all exliibited 
reflux. However, very little pi*essure was i-ecjuired to inject the thin barium 
contrast inediuizi through the esophagi into the stoznachs of anesthetized dogs 
which had had this operative procedure. 

Our pressure injection experiments coziftrmed the iizzpoifance of the 
mechanical arrangement of the fundus which, when it is excluded from the lumen 
of that viscus, diminishes greatly the resistance offered by the cardia to regitrgi- 
tation. "When the left leaf of the diaphragm was removed to allow the fundus 
to protrude into the left pleural cavity unhindered, the pressure necessary to 
induce regurgitation was increased. The liver tunnel, the crura of the 
diaphragm, and the pressure of the surrounding viscera are important in main¬ 
taining the relationship of the fundus to the body of the stomach and the 
esophagus and the efficiency of the eardioesophageal angle. 

The proeedui'e of approximating the i-ight border of the fundus of the 
stomach to the left border of the esophagus by a row of interrupted sutures in¬ 
creases the resistance of the cardia to regurgitation only if the stomach and 
esophagus remain in their relative normal positions within the abdomen. If this 
same preparation is carried oizt on the isolated esophagus and stomach, pre.ssure 
applied thi’ough the pylorus produces bulging of the z-ight wall of the esophagus 
azid offei's zio hizidrazzce to regurgitatiozz. Izi the zzorznal body, howevez", tlie 
crura, the liver tunnel, and other surrounding structures buttress the right 
boi-der of the esophagus so that the angular mechanism is efficient. 

Pressure regurgitation studies carried out on the isolated esophagus and 
stoznaeh which had been subjected to eircuznferential esophagofundopexy showed 
mainteziance of eompetezicy evezz thoizgh the ezrtire preparation had beezi reizzoved 
from the body (Fig. S). This is illustrated in Fig. 9 in which the stoznaeh azid 
esophagus have been coated with a thin barium suspension and air has been 
introdrzced through the pylorizs. The coznpetency of the cardiac valve is seen. 


CLIXZC.VL APPLICATIONS 

Since the primary pathologic feature in reflux esophagitis is ah incompetent 
cardiac sphincter, the development of esophagitis with its several ^complications 
is a secondary phenomenon conseciuent to sphincter relaxation. Causal therap\ 
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therelore must be directed to the sphincter mechanism itself. Kegurgitation 
and belching are common physiologic events in normal men and dogs, and they 
demonstrate that the cardiac mechanism is a re^•ersible one which may be at 
times incompetent nonnally. Thus, the simple reflux of gastric chyme is no 
indication for therapy. This reflux of gastric content may occur with and 
without esophageal hiatal hernia, and with or without the serious complications 
of esophagitis. Thus, the procedure would certain!}' not be considered in pa¬ 
tients with reflux esophagitis associated with sliding hiatus hernia which is 
readily curable by conventional methods of hiatal repair. The procedure which 
we are considering is suggested only in patients with the serious complications 
of esophagitis, such as stricture and/or uleei’ation, hemorrhage, and perforation. 
Esophagitis occurs frequently in patients with congenitally short esophagus. 

Eeflux esophagitis is not a single pathologic entity but a group of conditions 
of probable common origin. Despite the severity of the disease processes in some 
eases, the inflammatory process may lie remarkably superficial. It is common 
for inflammation and scarring to penetrate tlie submucosa, even when a marked 
stricture is present. In these cases rapid epithelial healing follows reduction of 
the acid gastric secretions which are regurgitated into the esophagus, l^or the 
small number of patients who have extension of the inflammatory process into 
the muscular tunic, the prognosis is less favorable. 

In cases of sliding esophageal hiatal hernia with secondary short esophagus, 
two situations present themselves. In the first case, the esophagus can be dilated 
readily to good and sufficient caliber. Here we believe transthoracic circumfer¬ 
ential esophagofundopexy with no attempt to reduce the stomach below the 
diaphragm should be carried out. Occasional esophageal dilatations may be re- 
quii’ed. In eases of esophageal hiatal hernia in which the peptic ulcer has pro¬ 
gressed to stricture formation and in which the stricture is tough, fibrous, and 
incapable of dilatation to full caliber, we believe that distal esophagectomy ex¬ 
tending above the stricture with repair by esophagogastrostomy and circumfer¬ 
ential esophagofundopexy is the procedure of choice. 


1LLUSTR.VTI\TE CASE-S 

E. B. was born in December, 1948, a full-term infant with normal development. His 
mother’s history and pregnancy were not remarkable, and he weighed 6 pounds at birth. In 
June, 1949, he had a 2-ueek episode of liematemesis and vomiting; however, he ate with a good 
appetite. In July, 1949, he was admitted to the Pediatric Ward of the Denver General 
Hospital for recurrent intermittent hematemesis. He had failed to gain weight and 
vomited once daily. His gastrointestinal series at this time was considered to be normal. 
Following his hospitalization there was no blood in the vomitus, raised on an average of 
once daily for 1 month. In September, 1949, he again had recurrent hematemesis and daily 
spells of crjdng. Esophagoscopy at this time showed blood emerging from the cardia of 
the stomach, but no definite lesions were seen. Exploratory laparotomy was carried out 
with abdominal repair of a diaphragmatic hernia, appendectomy, and gastrotomy. The 
latter procedure demonstrated no gastric lesions. At this time he was considered to ha\e 
a congenital short esophagus. The postoperative course was satisfactory. 

Following this operation he had attacks of recurrent vomiting, the vomitus often 
containing blood and associated with some abdominal pain. He continued to eat well an 
to have a good appetite. In March, 1950, he was again hospitalized with severe recurrent 
hematemesis and anemia. A second exploratory laparotomy and gastrotomy at this time 
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demonstrated no sito of bleeding. Fig. 10 shows an esophagram taken in February, 1952. 
In May, 1953, he was again admitted to the hospital with abdominal cramping pain, re¬ 
current hematemesis, and vomiting. Esophagram at this time sho^ved gastric mucosa in 
the lower tlior^ix, but no gastric pouch or stenosis was noted. E&ophagoscopy demonstrated 
an intrathoracic stomach with terminal esophagitis, and bleeding from the lower esophagus. 
On June 1, 1953, a left phrenic nerve crush was performed. 

On June 5, 1953, a third laparotomy W'aa carried out with repair of a recurrent 
lUaphragmutic hernia. Postoperatively he had continuous nusoga&trie suction, and the 
course was uncomplicated. Between June, 1953, and March, 1954, he had occasional 
hematemesis and intermittent abdominal and substernal pain. His weight varied between 
30 and 35 pounds without appreciable gain. In March, 1954, he again had severe liematomesis 
and abdominal pain wliich persisted after antacids and milk for the ne\t 2 months. 



Fig-. 10.—R. B. (Cose 1). February, 1952. Esophagogram demonstrating short esoph.agua and 
iccurrent esophageal hiatal hernia. 

Helena was present for 1 mouth. In May, 1954, a barium swallow showed a sliding 
esophageal hiatus hernia with gastric mucosa above the diaphragm and gastric retention. 
Esophagoscopy showed esophagitis of the lower third wdth bleeding at the cardia. A loft 
transthoracic repair of the diaphragmatic hernia was attempted and incidental splenectomy 
and csophagorrhaphy w’ere carried out. He made an uncomplicated recovery from this 
ojieration. In June, 1954, an esophagram showeil no stricture at the esophagogastric 
junction. In FebruaTy> 1955, he had a 1 week episode of abdominal pain, hematemesis, but 
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no melena. The hemoglobin at this time was 9 grams per cent, and stools were negative 
for blood. He weighed 35 pounds, and was placed on iron therapj'. An esophagram 
demonstrated no hernia. Between Februarj', 1955, and April, 1958, he had several upper 
respiratory infections with vomiting and some abdominal pain. His last hematemesis oc¬ 
curred in December, 1955. He slept with his head elevated and was taking multiple feed¬ 
ings. His weight had increased to 45 pounds. In April, 1958, he complained of marked 
tiredness in the morning and heartburn. His hemoglobin at this time was 9.8 grams per 
cent with 2.1 per cent ietieuloe 3 'tes. He was continued on iron therapy. In May, 1958, 
his stool guaiac was 4+ positive and hemoglobin was now 11.7 grams per cent. In Julj'-, 
1958, an upper gastrointestinal x-ray series showed marked gastric reflux into the lower 
tliiee quarters of the esophagus (Fig. 11), and a sliding esophageal hiatus hernia was seen. 
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Fm 11.—R B. (Case 1). July, 195S Massive reflux of barium into the esophagus demon¬ 
strated by placing the patients in the Trendelenburg position following a barium meal. 

There was some pjdorospasin present. Esophagoscopy demonstrated an esophageal ulcer 
at 27 cm. with fresh bleeding and marked esophagitis. Gross incompetence of the cardia 
was present. X-ray studies in August, 1958, showed the magenblase above the left 
diaphragm (Fig. 12). 

In September, 1958, left thoiacotomy was performed. At operation 8 cm. of stomach 
were present in the posterior mediastinum. The lower third of the esophagus was markedly 
thickened, edematous, and attached to the subpleural connective tissue by rather dense, 
friable adhesions. However, since preoperative esophagoscopy had demonstmted that the 
esophagus could be easily dilated to full caliber, it was decided to perform eireumferenfia! 
esophagofundopexj' without resecting that portion of the lower third of the esophagus 
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which was obviously Iho site of esophagitis. The gastric poueli was separated from the 
diaphragmatic orifice to which it was attached by firm adhesions so that the stomach could 
be more easily drawn up into the thorax, A line of sutures of interrupted 3*0 silk were 
placed between the left border of the esophagus and the right border of the gastric fundus 
for a distance of 0 cm. Then the posterior and anterior surfaces of the fundus of the 
stomach wore %vrapped around the distal third of the esophagus and approximated snugly 
with two layers of interrupted 3-0 silk sutures. This layer of sutures was continued to a 
point 2 cm. below the inosculation of the esophagus into the gastric cardiac so as to pro¬ 
tect the squamous epithelium of the eardia from the acid-pepsin gastric juice. The stomach 
was then anchored to the etjophagcal-diaphragmatic orifice with interrupted 3-0 silk suture-s. 
Following the placement of two intercostal chest tubes, the chest wall was closed in la\ ers. 
An iudwolUng nasogastric tube had been placed in the stomach preoperatively, ainl this 
was allowed to remain until the third postoperative day. He made an uncomplicated re 
covery and has had no attacks of hcniatemesih •since that time. Postoperative L'lic'-t film 
shows a gas bubble posterior to the heart. His weight was 45 pounds at discharge. 



Piff 12. Pie. 13 

Pig. 12.—R B. (Case 1). Au& 29, 1938. The magcnblase is well seen above the left 
diaphragm, indicating an csopliageal hiatal hernia. 

Plg 13.—R B. (Case 1). Dec 1, 1958. Postoperative upper gastrointestinal series shows 
the esophagus and stomach during the act of swallowing a large bolus of barium. The extent 
of the Witzel tunnel Is demonstrated, and the barium is seen to enter the stomach readily. 

In December, 1958, an esophagram demonstrated no reflux with the patient in u 
marked Trendelenburg position. The eardia was seen to fill above the diaphragm, and 
there was no dilatation of the esophagus (Fig. 13). In January, 1959, esophago&eopy 
demonstrated no esophagitis and no reflux in the supine or Trendelenburg position. There 
was good closing of the terminal esophagus. At tJiis time the liemoglobin ivas 15.4 grams 
per cent, and he weighed 48 pounds. In March, 1950, an esophagram demonstrated no 
esophageal reflux or stricture. 
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^ Oommeni: Tliis boy had been subjected to foui* attempts to repaii’ what is 
obviously an esophageal hiatal heraia of the congenital short esophagus type 
with recurrent ulcerative esophagitis. In spite of repeated efforts to place the 
stomach below the diaphragm, the shortening of the esophagus was such that 
this maneuver could not be accomplished, and the hernia promptly reciirred. 
He had suffered from z’eeurrent ulcerative esophagitis with hematemesis since 
his nursling days and had received only moderate amelioration by any of the 
procedures which had been carried out. Kecognition of the fact that esophagitis 
was the seiious component of this patient’s lesions, and dispossessing oui'selves of 
the preoccupation to produce anatomic restoration of the concerned viscera, Ave 
felt that this boy presented an ideal indication for trial of our investigative 
circumferential esophagofundopexy. His prompt and gratifying response to this 
procedure gives us encouragement, although repeated long-term observation Avill 
be necessary to establish the Avoi-th of this undertaking. 


AT. K., a 62-year-old AAdiite waitress, had been seen in the Medical Outpatient De¬ 
partment from May of 1956 to January of 1957. She noted abdominal epigastric, and 
sometimes shai'p substernal aching pains which had begun about 7 years previously, with 
recurrences of this pain at frequent intervals since that time. The pain was aggravated 
by lifting, stooping, straining on exertion, and by the ingestion of milk. The pain was 
lessened or decreased by the use of phenobarbital, retirement to bed with a hot water 
bottle, or discontinuance of activity. Pain was not related to meals; walking did not 
accentuate it. There was no associated nausea, vomiting, melena, or hematemesis. There 
was occasional radiation of pain into the back. Her weight had remained stable at 100 
pounds. 

Back pain associated Avith stiffness and soreness had been diagnosed as arthritis with 
response to appropriate therapy. She had had an appendectomy in 1929, A symptomatic 
right renal stone had been diagnosed in 1950 with abdominal ureterolithectomy in 1952 
Avithout relief of all sj'mptoms. She had no frank pyelitis, but urinary frequency. Two 
gall bladder series taken 1 year prior to her first visit to Denver General Hospital were 
reported normal. Examination disclosed blood pressure to be 124/70 mm. Hg, pulse was 
76 and regular, respirations were 16, and she Aveighed 102 pounds. Two healed scars were 
present in the right lower quadrant, and there Avas mild right loAver quadrant tenderness 
Avhich was superficial, 

Laboratorj^ examinations showed that hemoglobin was 14.9 grams per cent, total 
leukocyte count was 9,S00 with a normal differential. Urinalysis Avas negative. Blood 
urea nitrogen was S mg. per cent; uric acid, 5.5 mg. per cent; fasting blood sugar, 107 mg. 
per cent. An electrocardiogi’am was negative. The gall bladder series showed a normal 
functioning gall bladder Avithout stones. An upper gastrointestinal series showed a 
moderate-sized hiatus hernia Avith one fourth of the stomach above ,the diaphragm. The 
cervical and lumbar spine films showed osteoporosis with hypertrophic changes. An intra- 
A'enous and retrograde pj'elogram showed kinking of the right proximal ureter due to 
pi'evious surgery without obstruction to the pelvis of the kidney and no dilatation of the 
ureter. 

The patient was treated following her first visit with phenobarbital and belladonna. 
There was no relief of pain. She Avas seen over the next 5 months in several medical 
clinics with the same problem of abdominal pain. She was placed for a time on Peritrate 
and nitroglycerine without relief of pain. 

In January, 1957, she Avas referred to the Department of Surgery and admitted to 
hospital. On Jan. 4, 1957, esophagoscopy shoired redundant distal esophageal folds ivitii 
a red, granular, friable bleeding mucosa without gross ulceration. No stricture was noted. 
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On Feb 11, 1957, this patient hid repair of a sliding esophageal hiatus hernia bj 
the loft thoracic approach Over half of the stomach was present in the posterior medias 
tinum and, despite considorablo mobilization of the stomach and e’^ophagus, the stomach 
could not bo reduced btloiy the diaphragm Despite the fact that there was no concentric 
narrowing of the distal esopliagus, it was believed that the protracted bouts of peptic 
Lsopliagitis which siio had expenenced had produced lougitudinal shortening of the 
esophagus Conscqueiitlj, circumferLiitial esopUagofundopexj was earned out m the 
manner described abov e Following thib, two thirds of the stomach w as reduced below 
the diaphragm leaving one third, mcluding tlio esophagogastric junction, in the posterior 
mediastinum Iho postojierativo cours>e was uneventful, and the patient was discharged 
on tlio eleventh postoperative daj Subsequent clinic visits have shown her to be in good 
health with no further abdominal sviiiptoms, and iio evidence of peptic esophagitis This 
clinical impression has been verified b\ rcpcit c'^ophagoscopic examinations 

Comment This patient hatl de\eloped incompetence of the gastut eaidia 
secondaiy to the longstanding esophageal hiatal hernia The legiugitatne 
peptic esophagitis which tlien developed had lesulted in dannge onh to the 
esophageal mucob<a insofai as eoneentiic nan owing is eonceined Ilowcvei it 
was obvious at the time ot ojieiation that thcie vvas shoitcning of the esophagus 
in a longitudinal diiootion In those cases m uliieh tlie esopliagus can be dilated 
to full and sufficient cahbci, we have been peitoiming cucumterential esophago 
fundopexj to contiol the jicptic esophagitis and have not lestcted the distal 
esophagus Ilesection of the louei thud of the esophagus has been lesened foi 
deep stiictmes winch could not be dilated 

J W, a "(jjearold white male old age puibioner, enteicd Denver General Hospital 
on "Maj 10, 1958, with the complaint of dvsphagia for 4 jears and regurgitation of food 
for 1 month Ho had developed progressive increase in djspliagia during the preceding 
month and had lost 20 pounds in weight During the month preceding admission he had 
been unable to swallow am solids, and upon admission he was unable to take oven water 

Examination disclosed a poorlj uouiishod, inoderateJj wtll dtvtloped white man who 
appeared cJironicall} ill Blood pressure was 110/75 inm Hg, pulse S4, respirations 24 
Examination of the chest showed some increase m anteroposterior diameter The lungs 
were hjperrtsouant and tiic breath sounds were decreased iii iiitenaitv A systolic murmur 
was present over the apex The remainder of the physical examination was not remark 
able 

The unnaljsis was negative on admission Examination of the blood demonstrated 
a liemoglobm of 11 grams, white blood count w is 12,400 witli a normal differential lotal 
blood proteins and the albumin globulin ratio were normal Ihe scrolog) was negative 
An electrocardiogram showed normal sinus rhythm with some enlargement of the left 
ventricle A roentgenogram of the esophagus showed a marked obstruction in the lower 
third at a point 8 cm proximal to the cardia 

Esopliagoscopy demonstrated an obstruction in the lower third of the esophagus dhe 
obstruction consisted of very firm, yellow, dense tissue which grossly appeared to be granu 
lalion tissue This impression was coufirmed by microscopic examination 

On Alay 19 1958, a left thoracotomy was performed through the bed of the eighth 
nb The lung showed chronic fibrosis and empliyaema with a few scattered subpleural 
blebs Tho postenor mediastinum was opened and the lower third of the esophagus was 
found to be densely adherent to the surrounding cellular tissue and ly niph nodes Ap 
proximatcly 8 cm of stomach was present abovo the diaphragm in the posterior medias 
tinum The esophagus was freed from its bed with diftieulty and there was considerable 
bleeding Tho lesion extended over an area of 3 cm and the fibrosis involved tho entire 
wall of tho esophagus Tho diaphragm vvaa opened from the esophageal hiatus outward 
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through the central tendon, and the stomach was mobilized along the greater and lesser 
curvatures, ligating the left gastric and left gastroepiploic vessels, but leaving the spleen 
intact. The esophagus was cut across at the cardia approximately 6 cm. below the 
esophagogastric junction, and the cardia was closed. The stomach was suffieientlv 
mobilized so that it could be easily drawn up into the left hemithorax. The esophagus 
was transected 2 cm. above the superior edge of the lesion and this segment 
was removed. Esophagogastrostomy was carried out, utilizing an inner layer of chromic 
3-0 catgut and an outer layer of interrupted 3-0 silk sutures; the stoma of the esophago¬ 
gastrostomy was placed well down on the lesser curvature, almost at the antrum 
of the stomach. Following completion of the esophagogastrostomy, the lesser curvature of 
the stomach was approximated to the left border of the esophagus with interrupted 3-0 
silk sutures. Following this, circumferential esophagofundopexy was carried out in the 
manner described above. The imbricating sutures were extended along the lesser curvature 
to a point well below the stoma of the esophagogastrostomy. Following completion of 
this procedure the stomach was anchored to the hiatus of the diaphragm with interrupted 
3-0 silk sutures, and the chest was closed in layers, following the placement of two No. 
45 Pezzer catheters. The patient’s postoperative course was unremarkable. 

Follow-up roentgenographic and esophagographic examinations have shown the 
absence of esophagitis and the patient has gained 45 pounds in weight. 

Comment: This case illustrates the devastating effect of long-standing, 
neglected peptic esophagitis associated with the sliding type of esophageal hiatus 
hernia. Here it was impossible by dilatation to achieve any lumen in the distal 
third of the esophagus because of the great density and extent of the stricture. 
In such a case, in order to re-establish a lumen, resection of the stricture must 
be carried out. In this particular case, submucosal resection of the stricture 
according to the technique of Allison was considered, but it was impossible to 
develop a reasonable cleavage plain preserving the muscularis of the esophagus. 
For this reason resection of the strictured area Avas carried out Avith the recon- 
structh’e procedure as stated above. 

SUMMARY 

1. Experimental investigations are reported from Avhich the procedure of 
circumferential esophagofundopexy has been developed. 

2. The application of this procedure to cases of brachyesophagus and peptic 
ulceration of the loAver third of the esophagus are discussed and several illustra¬ 
tive eases are presented. 
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Discussion 

DR WILLIAM E NEVILLE, Cleveland, Ohio—the moment, having spent 3 
dajs hole lu Los Angtks, I feel more competent to ihbcuss the s^Tuptoins of esophagitis 
rather than the surgical m inagement of it 

Two jears ago, before tins Association, mv associate, George Clouts, and I had the 
opportumt) to present our results m colon replacetnent of the tsophagiis I he satistacton 
results 111 patients operated on for taiciiioiiia led ij** to extend this operative procedure 
to other conditions involving the esophagus 

In order to evaluate vvliethtr it would be teasiblt to replace the lower end of the 
esophagus with the colon, we took the problem to the laboiatorv 

[Slide] This is an autops> speeimen taken from a dog operated upon anl acnficed 
at the ago of 9 months Ihis is the esophagus, this is the tr uisplaiited colon segn cut lud 
this lb the stomach and, as vou can all see, there is no evidence ot esophagitis (nhtis or 
gastiitis 

At thit time we thought thib was a prettj severe test for the efticacv of tins 
procedure, due to the fact that all of these dogs had marked regurgitation 

[Slide] Commensurate with tins, we began aecing patients who died as a nsiit of 
progression of their disease up to 2 to 1 jears following the operation tor the resection of 
carcinoma this shows the eaophagus which, as vou can all see, is normal in appearance 
uul tins IS the transplanted colon segment 

[Slide] Tins la another patient who succumbed to the ravages of his di'*ea''e riu** 
18 a microscopic section, as vou can all see, right at the esophagocolon anastomosi& Ihi 
shov normal appearing mucosa at the level ot the esophagus, ml this is, o± courm 
the colon transplant with no ovidenio of ulceration 

[Slide] rills patient was operated upon, having come in with a evere esophagiti'< 
with a recurient hiatal henna Repeated dilatations tailed to alleviate the svmptoms, anil 
foi this reason we resected the esophagus and interpolated a segment ot tian verst colon 
between the uppei end of the esophagus and the stomach Ihis man has been coinpleteh 
restored to normalc> as far as Ins esophagus is concerned 

[Slide] This last slide shows a lesion in the lower end of the esophagus with stenosis 
tor winch resection was done and the colon interpolated between the esophagus ami the 
stomach 

We have onlj operated upon six patients to date for sev ere stenosing esoplngiti**, but 
it does seem to be a reasonable appro ich to the jiroblem in the severe disabling form of 
tins disease 

DR J GORDON SCANNELL, Boston, Ma^s-—I have eujojed Dr Watkms* dc'^cription 
of tins most ingenious procedure verv much, but I rather hope that in closing he will tell 
us how maiiv casts, and how long these have held up 

DR CAMERON HAIGHT, Ann Arbor, Mich—Ibe procedure which Dr V atkins 
has illustrated has, I believe, a great deal to offer I am verv much intngued bv it and 
I would particularlj like to ask him if he has used it lu conjunction with anv colon tr ms 
plant operations, because it would seem, a prion, th it it might have a lecidcd advantage 
in such cases 

I would like to mention one ph>siologic disadvantage of a right colon transplant It 
offers no protection against regurgitation from the stomach into the transplanted colon 
This can bo readily demonstrated bj x raj exanjination Wlieu barium has been intro 
duced through the gastrostomj tube postoperativclj watli the patient in the upright 
position, the barium remains largclj in the stomach However, when the patient is placed 
in the supine position, there is verj extensive and prompt regurgitation of the barium into 
the transplant This is undesirable phjsiologicallj because it Hows retention of ittdings 
in the transplant when the patient is in the supine position and asleep It ilso allows 
air to come up frcelj into the transplant 
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Eortuuately, however, with the colon there does not seem to have been acid irritation 
and ulceration of the transplant, as observed by examination of the stomach and adjacent 
colon with a eystoscope introduced through the gastrostomy. 

We have used a right colon transplant in 3 adults who have had strictures of the 
lower esophagus either from peptic esophagitis or from caustic causes. Our reason for the 
choice of the colon for reconstruction of the esophagus was that all patients previously 
had extensive gastric resections because of the accompanying pyloric lesions. It was not 
believed possible to resect the extensive strictures of the esophagus in these cases and to 
bring the remaining small portion of the stomach high enough into the chest to perform 
an esophagogastrostomy. A right colon transplant would appear to be particularly useful 
in such patients who have previously had a ver 3 ' extensive subtotal gastric resection in 
conjunction with peptic esophagitis. 

DE. P. HENEY ELLIS, JE., Eoehester, Minn.—I would like to comment primarily 
on the theoretical basis of Dr. Watkins' interesting surgical procedure. I inferred from 
his presentation that he believes the esophagogastric angle is chiefly responsible for pre¬ 
venting regurgitation under normal conditions. Considerable controvers 3 ' exists regarding 
the mechanism that prevents gastroesophageal regurgitation, but there is increasing 
evidence that the esophagogastric angle not onh' niaj' not exist at all but, if it does, that 
it does not contribute to the prevention of reflux. 

Physiologic studies give increasing evidence of the fact that there is a phj-siologie, 
if not an anatomic, esophageal sphincter that, together with some other factor such as a 
valve-flap mechanism at the cardia, luaj' be of chief importance in preventing retiux. 

Experimentallj', Dr. Meiss in our laboratories has shown that the gastroesophageal 
angle can be completely obliterated provided the esophagogastric junction is not disturbed. 
Thus, our results were opposite to those Dr. Watkins has described in carjying out experi¬ 
mental fundusectom^'. I would like to ask him more about the technique of his 
fundusectomj^ I wonder if, in his experiments, he perhaps interfered in some waj' with 
the integrity of tlie esophagogastric junction in the process of excising the gastric fundus. 


DE, WATKINS (Closing).—1 would also like to emphasize that we are talking about 
a procedure which is applicable to a verj- small group of patients who represent the end 
and devastating result of peptic esophagitis which should have been treated much earlier 
bj' the methods which Dr. Cross empha.sized previously-. 

I don’t think from our experiments, whether they are animal or whether they are 
simple observations on postmortem spccimeus, that there is anj- doubt but that the angle 
furnishes some type of augmentation. Whether this is a mucosal flap or some other 
structure I can't sav, I think it is a mucosal flap. This is augmented by having aJi acute 
angle between the esophagus and the stomach. It is easy to demonstrate this by- apply ing 
water pressure through the pylorus into the stomach with the fundus of the stomach 
isolated from the body by a clamp or by augmenting it by excising the left leaf of the 
diaphragm. 

The fundusectomies which were carried out here experimentally dividing tlie sling 
muscle as best we could do it technically. 

We have not used colon transplants, in answer to Dr. Haight’s question, in combina¬ 
tion with this procedure. We have used left colon transplants to replace the esophagus, 
placing it substemally following total esophagectomy according to the technique of Orsoni. 

I have used colon in this place because I have always thought the adequate mucous 
production by the colon offered more adequate protection against acid peptic digestion 


than did jejunum. 

The observations of Dr. Ellis regarding a functional sphincter in the distal esophagus 
are most interesting. Dr. Lerch, who has been a member of this Society for many years 
demonstrated to his satisfaction but not to that of all anatomists that such a structu 
does actually exist. We have not been able to demonstrate it. 
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RESULTS 

Seven experinieats were disearded because of changes in the blood 
in the oxygenator which could have influenced the oxygen saturation. In 
the remaining 18 experiments, reduction in the iiH was brought about in 
all cases. Correction of the reduced pH was aecomplislied in 11 experiments by 
the addition of sodium bicarbonate, by the creation of respiratory alkalosis in 2 , 
and by the addition of molar sodium-r-lactate in 1. In 4 other animals, the 
addition of sodium lactate failed to bring about elevation in the pH. 
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‘This table depicts the degree of oxygen saturation of the blood which was obtained when 
the oxygen tension was reduced and the pH simultaneously elevated by the addition or alkali 
or the creation of respiratory alkalosis. The calculated results are theoretical saturations 
which would have been expected if the pH were not corrected as the oxygen tension was ae- 
creased. 

Table I depicts the pH, partial pressure of oxygen, and the arterial and 
venous saturation before and after the coiTection of the pH. In Column 3 of 
Table I are the calculated oxygen saturations of the arterial samples Avhich 
would have been present at the reduced POc,^ if the pll had not been corrected. 
It is observed (Table I) that in the 14 experiments in wliieh the pll was cor¬ 
rected that the observed a^'erage oxygen saturation was 15 per cent greater than 
the calculated arterial saturation despite the reduction in the oxygen saturation 
and partial pressure. 

Table II shows the arteriovenous difference which was obtained in 9 of the 
experiments before and after the correction of the pH. It is noted that the 
elevation of the pH, although allowing the blood to pick up additional oxygen 
during its passage through the oxygenator, did not inhibit the release of tins 
oxygen to the tissues since the arteriovenous difference is greater, despite tJm 
shift of the oxyhemoglobin dissociation curve toward the alkaline side. us 
apparent discrepancy in the action of the oxyhemoglobin dissociation cniwe is 

explained below. 

‘Partial pie.‘;sure of oxygen in milliineters of mercury. 
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tifc 2—Cur\o sho\\lnif the change In Uie a\craKe pH and ox>gen saturation during the onset 
of hypoxia and after the addition of sodium bicarbonate 
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*The arteriovenous difference in 9 animals before and after the correction of the pH of 
the blood This shows that the correction of the pH toward the normal or alkaline range 
did not pretent oxjgen dissociation in the capillaries 
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Table III and ITisj. 2 illuslealc tlic changes in those uiiiiimis wliich I'ccoived 
sodium bicarbonate. Tiie pCO. and lillCO, determined in 6 of Ibeso c.xpori- 
inents shows that tlio addition in the total carbon dio.xidc content of tlic blood 
is reflected a.s an increiuse in the BItCOj. 
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•Tlic results In 5 animals Kl\en 1 Al M<«liuin-r-)iicLitu solution. Note tlic ftillu/c to clianK'* 
ll»o pH of the hlootl, ami th«* contlnue«l f.»ll In oxygen s.ilur.Ltlon The time tliffcn-ntial In tin* 
time between the addition of l.icUile find the takJnj; of the sample fur Pit anti oxy^ren saiura-' 
lion Column 3 la labeled "high pll" and is the pU after tlie adtljtlon of so'llum lacpit/*. Nolt' 
the failure to raise the pH In four of the live cxperiMiuiitK. 


Table IV dci)iet.s the results in tho.se animals who received .sodium bictate 
150 to 200 o.e. of a molar solution. Four of the 5 atiimals failed to show any 
change in the pU of the blood. In 2 e.xperimeiil.s-, a change in the pJI wa.s in- 
dtieed by the develoinncnt of rc.spiratory alkalosi.s. This i.s illitstraterl in 'I’able 
V and shons that lespiratoiy alkalosis can induce a markeii change in the pJI, 
Xo striking change in the aili-riovenous dift’erenec was noted s(j that the; anionnl 
of oxygen delivered to the tissues was apparently not inercascil. 
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or blood loss. This will result in inadequate arterial output and, despite ade¬ 
quate oxygenation of the blood as it passes through the oxygenator, the total 
amount of oxygen delivered to the patient will not supply his demand. The 
situation to a lesser degree maj'- also be encountered if the donor blood is im¬ 
properly stored and glycolysis markedly reduces the pH of the blood. This 
latter situation may be particularly compounded in those patients with cyanotic 
heart disease in whom it has been shown that some degree of metabolic acidosis 
is present.'* These patients frequently, during preparation for bypass, will have 
a reduced cardiac output with hypotension and additional acidosis may occur 
before actual bypass is begun. Considerable desaturation of the tissues may be 
present and, if a high flow rate cannot be achieved to correct this during bypass, 
further acidosis and desaturation of the blood occurs, resulting in a markedly 
desaturated venous return which ma^* overtax the efficienej'' of the oxygenator. 
The net result in these situations is a fall of oxygen tension, inadeqiiate oxygen 
saturation, tissue hypoxia, and metabolic aeidosi.s. 

The body has two main lines of defense to prevent further hypoxia. They 
are the favorable dissociation of oxyhemoglobin at low oxygen tissue pressures 
and the reinforcement of this effect by the pH gradient between the arterial 
and capillary blood favoring further release. Because of the S-shaped curve 
of oxyhemoglobin dissociation it was necessary to illustrate these effects in our 
experiments to reduce the oxygen tension of the blood to approximately 30 to 50 
mm. Hg. As is illustrated in Pig. 1, at higher oxygen saturations, changes in 
pH would not well illustrate the Bohr effect. As the disk speed was reduced, 
however, it was impossible to achieve a constant oxygen tension since the animal 
was continuously depleting the oxygen content of the arterial return and, during 
the time that the bicarbonate, lactate, or respiratoiy alkalosis was effected, 
further reduction in the tension took place. We, therefore, determined the 
oxygen tension at the pH and oxygen saturation of the arterial blood before and 
after the correction of the pH and calculated what the saturation of the arterial 
blood would have been at this reduced oxygen tension if the pH had not been 
cori’ected. This is shown in Table I. In those instances in which the arterial 
saturation was within normal range and in which oxygen tension was only 
mildly reduced when the pH was concomitantly reduced the addition of 
sodium bicarbonate actually raised the oxygon saturation, illustrating the true 
Bohr effect, that is, an increase in the oxygenation of the blood by the addition 
of alkali at a constant oxygen tension. In the remaining instances, although the 
correction of the pH did not raise the oxygen saturation of the blood, when com¬ 
pared to the initial sample, this could not be expected because of the continuing 
drop in oxygen tension. It did, however, prevent a further loss of saturation 
since, despite the further reduction in oxygen tension, an almost similar average 
arterial oxygen saturation was achieved. The fundamental question to be 
answered, however, was the method by which the arterialized blood achieved 
greater saturation. Was this at the expense of the tissues? Did the elevation 
of the pH in effect prevent release to the tissues so that the arteriovenous differ¬ 
ences befoi’e and after the correction of the pH were essentially similar? 
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Table II shows the aitenovenoub diffoieiices ami, on the .nciage, the tissues 
wcie able to e\tuct inoie owgen altei the coueetioii of the pll than betoie It 
will be noted that at the lughei oxygen salinations tlie change in aiteiioicnoiis 
difteience was msignihcaiit despite the collection of the pll Ilowciei, at the 
leduced satiiiatioiis thcic wcie gieatei aiteiiovenoiis diftoiences This eaii be 
explained fioiii the dissoeiatioii ciii-ve At the highei satiiiations, pll has little 
effect on dissociation, but at lediieed tensions it becomes ipiite signiheant Poi 
example. Fig 3 is a line ehait showing the dinount ot o\Ygcn bound bj the 
hemoglobin of the blood ol Di A V Boelc at laiying oxygen tensions and seiiiiii 
pll At 30 mm ot oxygen tension, ineieasiiig the pH fioiii 7 25 to 7 70 



Fig: 3 cliart sliowine tilt, amounts of oxygen bounU by liemoglobln of the blood of Dr 

A 1 Bock at different serum pH and oxygen tension (Ref 7) 

meieases oxygenation 35 pei cent The com cist ot this is also illustiated m Fig 
3 where the slight loweiing of the blood pH when it leceites caibon dioxide 
from the tissues assists in releasing additional oxygen Thus, fiom the abote 
chart. It IS evident that if Di Boek at woik bad mamtamod an aiteiial pH in 
the capiUaiies, a diop to 32 mm of oxygen tension in the eapillaiies tvoiild hate 
lett 56 pel cent ot the vtnous hemoglobin in the oxygenated state instead of the 
obseived 50 pei cent Tins lepiesents 13 pei cent of the total oxtgen released 
tiom the blood that is due to the slight loweiing of the pH 

The effect ot oxygen tension in vno is illustrated iii Fig 1 At pll 7 4, the 
Hist 30 111111 of oxy gen tension glosses 56 pei cent oxygenation ot the liemoglobiii 
Ill contidst to an ineiease of 30 mm of tension at the top of the scale clmimn-> 
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the oxygenation only 6 per cent. When nnnsnal demands in the tissue require 
oxygen, the last 30 mm. of oxygen tension causes a yield of more than half the 
arterial oxygen content. It is evident that at high oxygen tensions the addition 
of alkali to the blood will have little physiologic advantage but in situations as 
may occur during extracorporeal circulation in which the arteiial saturation is 
reduced and tissue hyqDoxia is pi'esent, the correction of the pH toward the 
alkaline side mil allow greater uptake of oxygen in the oxygenator, but will not 
affect the tissue pH to the extent that it will not be able to extract this addi¬ 
tional oxygen Horn the blood as it reaches the tissue. We believe from our re¬ 
sults that the correction of the pH allowed the blood to combine with more 
oxygen duidng its passage through the oxygenator increasing the total amount 
of oxygen available. However, on reaching the tissues the reduced oxygen 
tension and the additional tissue acidosis more than offset the increased oxygen 
affinity brought about by the change to the alkaline side, and therefore more 
oxygen was actually released to the tissues. In addition, by preventing further 
desatui'ation of the venous return additional sti’ain on the oxygenator was pre¬ 
vented. The cycle of events which could be brought about by further venous 
desaturation, that is, reduced arteilal saturation, reduced tissue oxygen tension, 
further extraction of oxygen, and a further reduction in venous saturation, Avas 
ameliorated. 

One of the practices Avliich is carried out during cardiac surgery is to 
hyperventilate the patient prior to bypass, creating a respiratory alkalosis and 
an elevated pH. This change in pH should favorably effect the oxyhemoglobin 
dissociation curve if severe hjqjoxia is present as illustrated above. However, 
recent work’”- has shown that hypeiu'entilation is accompanied by increased 
production of lactic acid. This is predominantly an intracellular acidosis and 
is accompanied by an exchange of sodium for hydrogen ion. Elkinton and his 
co-workers” have shown that in acute respiratory acid-base disturbances trans¬ 
fer of intracellular cation occurs probably as the result of the changes of extra¬ 
cellular pH. No positive or negative load of fixed cation is imposed on the body 
as in the case of metabolic disturbances. Ninety per cent or more of the change 
in effective extracellular bicarbonate was extrareiiaP" and was related to changes 
in hydrogen ion uptake or release by buffer protein in the blood and by ionic 
transfer into or out of the cellular fluid in the body. Their results in respira¬ 
tory alkalosis indicate that part of the cellular buffering consisted in release 
of hydrogen ion with the release of an undetermined ion, probably lactate, since 
an increase of extracellular lactic acid has been specifically reported to occur 
with respiratory alkalosis.”’ ” Thus, it would appear that deliberate introduc¬ 
tion of respiratory alkalosis before bypass Avould re.sult in increased lactic acid 
formation and be actually more detrimental to the patient during extraeoi-poreal 
circulation. 

Table II illustrates the failure of sodixxm lactate to produce any change in 
the pH of the blood in 4 of the 5 animals when it xvas added during extra¬ 
corporeal circulation. The lactate xvas administered rapidly and the animal 
received appi’oximately 150 to 200 c.e. of molar sodixxm lactate in a half-hoxxi 
period. Although the blood sodium following lactate administration became 
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elo\ated, obviously sufficient time had not elapsed toi the metabolism bj the 
liiei to lelease bieaibonate Duiiiig c\tiaeoipoical tniiilation to effect changes 
111 pH, sodium lactate is appaienth not lapidh enougli inctaboli/ed to eftect 
these ehangts 

With tlie piescnt impioiemcnts m pump o\\gcuatois and the gieatei e\ 
peiiciice gained fioin then application, oxcgcnation of blood does not non ap 
peal to be a signiheaiit piolilcm Iloivciei, oceasionalli situations do aiisc in 
Mliich, because of blood loss oi lack of blood lesciie in tlic sjstcm, a compiomiso 
on the flou latc maj become ncecssaij Uiidei tliosc ciicunistances, incicasmg 
metabolic acidosis mil lesiilt and the addition of sodium bieaibonate to eouiitei 
act the lelease ot lactic acid in this situation appeals to be indicated Duiing 
the past jcai we have continuouslj moiiitoied pH of the blood dining bviiass and 
li the pH falls below 7 3 sodium bieaibointc, 4 mllq pci kilogiam of bodv 
weight IS given diieetlv into the ovvgeiiatoi This has been givtn ovoi a 10 
minute pciiod on 12 difteient patients and it has been noted in these eases to 
effect collection ot the pll and at times a gioss impiovcmcnt in the osjgeintion 
of the blood In these eases, we have not observed am .idvcise efteots and found 
that postopeiative acidosis, as illustiatcd bv luine pH and blood pH dcteimina 
tioiis which would have been espected m these cases, h.is not been a pioblem 

SUMM inv 

Eighteen iiiongiel clogs weie placed on extiacoipoieil bvpass and metabolic 
acidosis was delibeiatelv intioduced bv uudciowgenation ot the blood When 
the pll of the blood was lowcicd, blood samples weie taken foi aiteiinl and 
venous owgen satuiations The pll was then collected in 14 of these animals 
It was done by the addition of sodium bieaibonate in 11 with the cieation of 
lespiiatoij alkalosis in 2 and the addition of sodium lact.ite in 1, the addition 
of sodium lactate in 4 othei aiiinials failed to affect am change in the pH 
Owgen tension was deteniiined fioiu the pH and the satuiation of the blood 
at the collected pH and comiiaied to the calculated owgen satuiation of the 
blood at the same osjgen tension if the pH weie not collected The data 
illustiated that the Bohr effect, particulaily at reduced oxvgen tensions, laised 
the owgen satuiation of the blood dining its iiassage thiough the o\vgenatoi 
appioximatelj 15 pei cent Despite the collection of the pH, a gieatei aiteiial 
venous diffeieiice was noted, tliciebj effecting gieatei tianspoit of oxjgcn to 
the tissues The effect of sodium lactate was found in 4 out of 5 animals to be 
ineffective in cieating a pH change This is explained by the inadequate time 
elapsed between the addition of lactate and the pH deteiminations to allow foi 
sufficient metabolism ot the lactate Kcspiiatoi'j alkalosis was effective in 2 
animals in elevating the pH and the phvsiologio effects of lespiiaton alkalosis 
were biiefly discussed The cluneal application of the results of this expeiiment 
wrsbrieflv piesented 
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T he clinical application of e.’ctracorporcjil circulation brought with it the 
need for relatively large amounts of heparinized blood freshly drawn from 
compatible donors. Already, the increasing use of this e.ssential but sanguiv¬ 
orous adjunct to modern cardiovascular surgery is placing such a btirden on 
some blood banlts and donor pi'ogi-ains as to ijitcrfero nenonaly ndth tlieir 
efficient operation and their provision of blood for ordinary needs. In some 
localities, this “fresh blood” problem has been the major factoj- limiting both 
the fretiucncy and convenient .scheduling of open heart oj)erations. 'When, 
after the donor blood is drawn, such ojicrations are canceled, or the intended 
extracorporeal circulation not employed, blood baults have on short notice the 
unhappy choice of (luickly finding other suitable recipients for this group 
.specific blood of short storage life or of discarding it altogether as waslr;. In 
such oases, the c.xpcdient of re-entering the blood container to add a sccoml 
anticoagulant—presenative solution such as aeid-eitrato-dextrose (ACD) is 
unacceptable beeause of the potential hazard of bacterial contamination. 

The design of an ideal donor blood anticoagulant—praservativo mi.vture 
for use in extracorporeal circulation sbonld the de.sircs of the fol¬ 

lowing; 


Blood hanks would like (1) to 1 to 3 da.v.-r pre- 

operative y; (2) to use conventionab djctf atioa fa; <■‘^1 

the blood is not used for rvi -nn re-t-nrr>' or 

container with anticoai.r^rel^^'-^''''^ 
a.-u..„;.-are- I -rage. 


. 

transfusions up to 2 to 3 weeks o£ 

The surgeon tcauld like (D 
and mechanical resistance (hi ^ ’ 

coagulation eompouents. (31 antieoagalsnt 
(a) minimal dilution of'blood, jb) e.'xMf.ah 
no clots or fibrin, (d) near normalpS lat S<' 
at all times for emergency perfasiexs. 




Prom the Division of Tlioracitf 
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The patient’s family ivould like to avoid the cost of professional donors. 

Blood donors would like to donate blood at their convenience during the 5 
days before operation. 

In the hope of fulfilling most of these desires, we began studies of various 
anticoagulant—^preservative mixtures about 2 years ago. These studies in¬ 
cluded certain exchange resins and seciuestering agents combined with sugars 
and stabilizing salt solutions. Of the numerous combinations studied thus far, 
only a mixture of disoditun ethylenediamine tetraaeetic acid, glucose, sodium 
gluconate, and magnesium chloride has shown sufficient promise to warrant 
clinical trial. This report describes a portion of our most significant studies of 
this anticoagulant—preservative mixture and records our clinical experience 
employing it for donor blood during the past few months. 

MATERIALS AND METHODS 

The composition of Edglugate-Mg,® the solution finally adopted and upon 
which these studies are based, is given below. 


NaoH 2 EDTA- 2 I-l 20 0.41 Gm. 

Sodium gluconate (anhyd.) 0.364 Gm. 

Dextrose (anhyd.) USP 1.50 Gm. 

MgCl 2 - 6 H.O 0.305 Gm. 

"Water q.s. ad 30.0 ml. 


The above mixture in a volume of 30 c.e. was prepared and sterilized in 
plastic bag containers. 

After veniiDuncture, 500 e.c. (530 Gm.) of whole blood were drawn into 
each bag by gravity "with frequent agitation to ensure complete mixing. Care 
was taken not to overfill any of the bags. The bags of blood were then stored 
in a blood bank refrigerator at 2 ° to 6 ° C. until shortly before use. 

Conversion for Priming Blood in Extracorporeal Circxdation .—Only bags 
of blood which had been stored for 5 days or less were used in priming the 
heart-lung machine and filling the extracoi-poreal reseiwoir. For this use, each 
bag was fii’st “converted” (Fig. 1) by adding 15 mg. (1,500 units) of com¬ 
mercial heparin by syringe and needle through the rubber bung of the bag 
closure. After thorough mixing, 5 c.c. of a sterile aqueous solution of calcium 
ehloi’ide containing 1.67 mM of Ca^+ (0.2425 Gm. calcium chloride USP) was 
added to each bag in order to restore the ionized calcium to slightly above the 
normal blood level. After mixing thoroughly by tilting the bag, the blood was 
introduced into the exti’acoi’poreal apparatus or reseiwoir. In most instances 
the “convei’sion” of these donor blood units was carried out within 15 to 30 
minutes of the start of the perfusion. 

Bags of blood not used for extrocorporeal circulation, but employed for 
routine transfusions, were stored for various intervals up to 21 days before 
administration. For this purpose no “conversion” or additives were employed, 
the blood being administered as any oi'dinary transfusions directly after re¬ 
moval from the blood bank. In many instances, samples of blood were taken 

•This solution was prepared and supplied to us in sterile plastic containers by the Cutter 
Laboratories, Berkeley. Calif. 
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asoptically from each bag just before use for the various determinations listed 
below. A large number of bags of blood were drawn from donors and stored 
for study inirposes only. Sterile samples were drawn from these bags for 
various studies at regular intervals throughout the refrigerated storage period. 
Because of the multiple re-entries into these bags with the potential danger of 
contamination, they were not considered suitable for transfusion purposes. 




EdQtuqate 

preserving/ 

SOlutKJO^ 

T 



Conversion 
for E‘C use 


If not used for E'C operolion. 
moy be then used for routine ^ 
transfusion up tQ2~3wed(s. 


Unconverted 




P1& 1 —Picture diagram o£ collection, storage, and alternative uses of Edglugate blood, 
■tae amount of blood being collected Is measured by a. carefully calibrated spring scale. Dur- 
ing drawing the plastic bag and its contents are frequently agitated and kneaded to ensure 
swifc thorough mixing of blood with anticoagulant. For conversion we have found that 15 
(i'oOO Units) of heparin and 1.65 mM CaCb per 500 cc. unit of blood are satisfactory 
iiils amount of CaCla Is 50 per cent excess over theoretical to offset the physiologic effect of 
the elevated plasma K+ level of the blood. Filtering the blood while priming the pump-oxy¬ 
genator may be advisable depending upon the design of the equipment and tlie adequacy of 
the blood drawing technique. 


Clinical perfusion equipment and techniques used in our hospital have 
been described previously.^ Hypothermia produced by a blood heat exchanger^ 
was employed in all cases and each patient was on partial perfusion for 3 to 10 
minutes during the cooling phase before total bypass was begun. Plow rates 
averaged 50 e.e. per kilo per minute for patients weighing 35 Kg. or less and 
30 c.o. per kilo per minute for patients weighing over 35 Kg. Duration of 
perfusions ranged from 15 minutes to 1 hour and 20 minutes. 
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Laboiatory dctcrniiucitions of wliolo blood j)H, blood oxygen contentj^ 
blood CO 2 content, blood buffer base,* sodinm and potassium, plasma hemo¬ 
globin, erythrocyte osmotic fragilities, partial thromboplastin times,= blood 
clotting times, reealeifieation clotting times, fibrinolysin activity, plasma 
fibrinogen,® and plasma factor V assay® were made by the methods referred to 
or by other standard procedures. Antihemophilic globulin (AHG) assays 
were carried out by the partial thromboplastin time method of Langdell,^ em¬ 
ploying plasma from a knoAvn severe hemophilic patient with an AHG level 
of less than 1 per cent. 

Determinations of in vivo red cell survival after various intervals of 
blood storage at 2° to 6° C. were made by autotransfusions in healthy volun¬ 
teer subjects. The red cells in these survival experiments were tagged with 
Cr®* by the method of Road.® The initial red cell volumes of these recipients 
were determined by tagging separate aliquots of their own fresh red cells with 

p32_ 


RESULTS 

In Vitro Studies .—The results of in vitro studies of Edglugate blood after 
various intervals of storage at 2° to 6° C. are given in Table I. The most 
significant changes noted were an increase in plasma potassium levels, a pro¬ 
longation of the partial thromboplastin time, and a decrease in the level of 
accelerator globulin (Factor V). The plasma potassium level was seen to rise 
to a plateau of around 25 mEq./L. after about 5 days of storage. 

Table I. Chaxges OccuRRrxG x.v EDCLUCATE-Mg Blood DrarNo Storage at 2° to 6“ C. 


DAYS 

STOR¬ 

AGE 

AT 

2°-6'’ 

“c. 

1 

pH 37° 
(ME¬ 
DIAN) 

1 

K 

(mEq./ 

L.) 

j 

Na 

(niEq./ 

L.) 

1 

PTT 

('SEC.) 

1 

AUG 

LEVEL 

(%) 

1 

FACTOR 

V 

(%) 

KECAL. 

CLOT. 

TIME 

(min./ 

SEC.) 

PLATE¬ 

LETS 

i (thous./ 

1 MiM.3) 

FIBRINO¬ 

GEN 

(MG./ 

100 ML.) 

PLASMA 

Ilb 

(MG./ 

100 ML.) 

0 

7.17 

6.2 

141 

(73) 

89 

(100) 

3/30 

258 


2* 

1 

7.12 

10.1 

141 




3/46 

173 



2 

7.08 

15.0 

141 

181 

49 

18 

3/51 

213 



3 

7.06 

18.5 

141 

168 



3/46 

206 


6t 

4 

7.03 

19.9 

141 

129 

20 

6.1 

4/21 

226 



5 

6.99 

24.5 

142 

130 

15 

9.7 

4/03 


340 

2* 

6-10 

7.0 

27 

131 

144 


9.7 



301 

lit 

11-15 

7.1 

29 

127 

240 


9.7 



308 

3* 

16-20 

7.2 

27 

132 

357 


0.7 



292 



Each value in this table represents the average (or median) value obtained from studies 
of at least 10 pints of Edglugate donor blood. Some values represent studies on more than 
600 pint units. 

Average values in parentheses were obtained from citrated blood samples drawn from 
donors just prior to their 500 c.c. donations into the Edglugate-Mg bags. 

’Average values of bags not agitated prior to sampling. 

tAverage values of same bags thoroughly mixed before each sampling. 

Antihemophilic globulin levels were assayed on a group of Edglugate donor 
bloods after 2, 4, and 5 days of storage. There was a slight fall immediately 
after draiving the blood with a progi’cssive decline to about 15 per cent of 
normal by the fifth day of storage. 

The level of Factor V (accelerator globulin) also declined with storage, 
falling to about 10 per cent at the end of 5 days. There was some gradual 




\ol 38 No 5 
November 1959 


STUDIES OP EDGLUGATE lla 


577 


inciease in the lecalcificatiou clotting times dining the flist 5 dajs Platelet 
counts lemamed leniaikahly stable dining this time, but with some laiiation 
in counts on individual bags Pibiiuogcn levels even at 20 days showed only 
an insigmficant change Plasma hemoglobin levels did not show any signifi¬ 
cant increase during the stoiage peiiod unless the bags wcie lepeatedly mixed 
and allowed to resettle Under these eiiaimstances theie was a slight inciease 
in plasma hemoglobin le\el that aieiagcd less than 12 mg iiei cent attei C to 
10 days of stoiage "Whole blood pH deteiminations made at 37° C lemaiued 
lelatively constant dining the entire 20 day stoiage pciiod in the lango of 
7 0 to 7 2 

The icsults of in \no led cell suivnal studies of Udgliigate blood coin 
pared vitli blood stored in standard acid citiate dextrose after i.njmg storage 
periods up to 21 days aio icpiosented bj the cui\ es in Fig 2 



Fig- 2—The in vivo viability of autotransfused erythrocytes of blood stored in Edglugate 
solution (solid curve) A curve of ACD blood erythrocyte survival (l»oA,e»i line) is included 
for wmparlson Edglugate blood has an crythrocjte viability of 73 per cent after 21 to 22 days 
of storage 

It will be noted that theie was no significant differenoe in led cell viabil 
ity between bloods in these two anticoagulants dining the first neek of storage, 
both solutions providing hettei than 95 pei cent suivival At the end of 21 
days’ stoiage, Edglugate bloods showed sumials averaging appioximatelj^ 
72 pel cent viable red cells wheieas ACD bloods of the same age showed a 
slightly better viability with 78 pei cent of the tiaiisfused cells siniiving 
normally 

Clinical Studies —Table II summaiizes certain data on the 81 patients 
undergoing cluneal peifusioiis in uluch Eglugate Mg donoi blood lioni 1 to 5 
days old was used exclusively for piiming the heaitlung machine and lesei 
eoir lleie the volumes of Edglugate blood ci - have been expressed in 
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Table II. ExtkacorpoeexU, Circulation Patients Pkiming VoLUiiE EDOLUCATE-Mg Blood 

PER Kilogram Body Weight 


VOLUME 

EDGLUGATE BLOOD 

75 C.C./KG. 

75-150 

C.C./KG. 

150-225 

C.C./KG. 

225-300 

C.c./kg. 

300 c.c./kg. 

Body wt. ranee Ke. 

45-97 

22-59 

15-27 

12-16 

3-12 

No. patients 

37 

19 

12 

6 

7 

No. deatlis 

Platelet counts 

8 

3 

1 

2 

5 

% of controP 

Serum K 

35 

43 

48 

34 

34 

% of control! 

91 

101 

103 

112 

125 


*Average platelet counts approximately 15 minutes postperfusion expressed as per cent 
of patient’s pre-perfusion platelet count. 


tAverage serum potassium levels immediately postperfusion expressed as per cent of 
patient s pre-perfusion serum potassium level. 


terms of the patients' weights in order to make better eomparison of the 
donor blood priming volumes with the patients’ original blood volumes. The 
number of patients in each volume-weight range is shown with the number of 
deaths in each group, hlost of the deaths, 14 out of 19, occurred at the extreme 
ranges of donor priming volume to patients’ weights. The number of patients 
and deaths are tabulated according to diagnosis in Table III. Most of the 


Table HI. Operations With Extracorporeal Circulation Employing Edglugate Priming 

Blood 1 to 5 Days Old 


DLVGNOSIS 

NO. 

PATIENTS 

POST¬ 

OPERATIVE 

BLEEDING 

DEATHS 

Open-Heart Cases 




Atrial septal defects 

18 

0 

0 

Ventricular septal defects 

10 

1 

3 

Tetralogy of Fallot 

13 

0 

2 

Mitral stenosis or insufficiency 

15 

0 

4 

Pulmonic or aortic stenosis 

13 

0 

2 

Tricuspid atresia 

1 

0 

1 

Complete transposition 

2 

0 

2 

Total anomalous pulmonary venous drainage 

2 

0 

1 

Totals 

74 

1 

15 

Miscellaneous Perfusions 

Thoracic and ventricular aneurysms 

4 

0 

3 

Cerebral aneurysms and tumors 

3 

0 

1 

Totals 

7 

0 

4 


deaths in this series occurred among the patients with the most complicated 
and serious lesions. The average decrease in platelet counts postperfusion 
ranged between 52 and 66 per cent of the pre-perfusion counts for all the 
groups of patients. 

There was only a slight rise in the average postperfusion serum potassium 
levels, reaching 25 per cent or appx’oximately 1 niEq./L. more than the pre¬ 
perfusion level in only the smallest patients in whom the volume of priming 
blood exceeded the patient’s blood volume fourfold or more. When the prim¬ 
ing donor blood had the highest plasma K levels and partieidarly when the 
patients were small with a high ratio of donor priming blood to patients 
weight, a rise in the patient’s serum level was occasionally seen a minute 
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or so after starting the perfusion (Pig. 3). This vise in K raioly persisted 
more than 2 to 4 minutes and quickly fell and remained at normal levels dur¬ 
ing the remainder of the perfusion. 

Changes in various blood coagulation components in 5 patients following 
perfusion with Edglugate blood are shown in Table IV 



Piff 3 —Graph showins the change with time of the plasma 1C* levels In the venous re- 
wrn blood of 3 patients Immediately after the start of extracorporeal perfusion with stored 
Edglugate blood Volumes of pump priming blood per kilogram of patient body weight and 
the plasma IC+ level of the blood at the start of perfusion are tabulated in the upper right 


Table IV. Coagulation Changes in Patients Perfused "With Edglugate Mg Blood 






DURA 

PLATE 







EGG 

A\0 

TION 

LETS 

COAQ 





WT 

BLOOD 

AQC 

ECO 

(THOUS/ 

TIME 

Alia 

FACTOR 


PT. 

KO. 

(00 ) 

(DAYS) 

(MIN.) 

AIM 3) 

(MIN.) 

(%) 

V 

LYSIN 

A 

32 

4,000 

o 

39 






Pre perfusion 





435 

7 

100 

100 

0 

Postperfusioa 

B 

21 3 

4,000 

o 

69 

173 

7 

100 

55 

0 

Pre perfusion 




223 

5 

100 

100 

0 

Postperfusioa 

C 

12 3 

3,500 

3 

54 

193 

9 

48 

49 

0 

Pre perfusion 





303 

6 

100 

100 

0 

Postperfusion 

D 

12 3 

4,000 

3 

46 

223 

14 

42 

17 

0 

Pre perfusion 




428 

5 

100 

100 

0 

Postperfusion 





153 

12 

1 

30 

+++ 

E 

14 8 

4,000 


59 






Pre perfusion 




395 

6 

100 

100 

0 

Postperfusioa 





7o 

4 

14 

35 

0 


The distiibutioii as to single, ranlUple spaced, and laige simultaneous 
tiansfusions totaling 945 units of blood administoi ed tliroiiglioiit the liospit.il 
as ordmaiy tiansfusions without “conveision” is listed in Table V. 
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Table V. Distribution op EDOLUOATE-Mg Blood as Ordinary Transfusions Given as 
Single and Spaced or Large Transfusions (Within 24-Hodr Period) After Storage at 

2°-6“ C. UP TO 21 Days 







PINTS 

transfused 






1 

1 2-4 

1 5-8 

1 9-12 1 

12+ 

Patients 

receiving 

single 

or spaced transfusions 

274 

MB 


4 

3 

Patients 

receiving 

large 

transfusions 

— 



3 

1 

Total pints transfused—945 


DISCUSSION 

Wliile lieparin is the only in vivo anticoagulant which has been found 
suitable for extracorporeal perfusion use, it is a poor anticoagulant for pre¬ 
serving donor blood for any length of time. Blood collected in heparin slowly 
escapes the anticoagulant effect and within 12 to 30 hours of storage usually 
becomes unfit for perfusion use. 

Proper storage of donor blood for more than a few days requires more than 
the simple prevention of coagulation. Vai’ious substances must be added and 
physical conditions adjusted to minimize deterioration of both cellular and 
protein elements during storage. For example, without added glucose, eryth¬ 
rocytes soon lose viability which may not be signaled by hemolysis or changes in 
osmotic or mechanical fragility. When such red cells are returned to the cir¬ 
culation thej^ are rapidly destroyed. 

Ceidain coagulation components, particularly Factor V and AHG, disap¬ 
pear fairly rapidly from stored blood, and especially so if incipient clotting 
is started by faulty collection. No satisfactory way has yet been devised to 
extend the naturally short life spans of leukocytes and platelets in vivo or in 
vitro. These formed elements may appear morphologically normal in stored 
blood and yet be nonfunctional and nonviable after transfusion. Thus good 
platelet counts are probably meaningless on blood stored beyond 36 to 48 hours.“ 

Successful storage of whole blood for perfusion pui-poses depends upon 
devising a solution wliich preserves as far as possible the coagulation com¬ 
ponents, the erythrocjffes and, within the limits of their natural life span, the 
blood platelets. The anticoagulant isotonicity, pH, dilution, and the presence or 
absence of various substances all affect the storage characteristics of different 
components of blood drawn into the mixtures. 

Edglugate-Mg solution was devised as an anticoagulant—preservative mix¬ 
ture for donor blood which might be suitable for extracorporeal perfusion use 
up to 5 days’ storage and ordinary transfusion use up to 21 days’ storage. 
Sprague and his associates^ showed that a mixture of EDTA (ethylenediamine 
tetraacetie acid) and glucose was a suitable anticoagulant preservative solution, 
at least with respect to red cell viabiUty. EDTA has been used clinically as an 
anticoagulant for blood transfusions for some time, particularly for transfusions 
where platelet I’ieh blood is desirable. 

The disodium calcium salt of EDTA (the compound resulting on af. 
tion to blood) has a very low toxicity in man. Administered as a chelating 
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agent for toxic polyvalent cations, it has been used extensively for lead poison¬ 
ing in children and for accidental ingestion of various radioisotopes. The only 
significant toxic effect reported thus far has been renal tubidar damage after 
its prolonged use for lead intoxication.'^ None of this compound is metabolized 
and it is rapidly e.xcreted by the kidney. 

Disodium EDTA is a powerful sequestering agent of divalent cations and 
on a molar basis is live times as efficient as sodium citrate as an anticoagulant 
of blood. 

Initial studies were made to find the least amount of EDTA which could 
bo relied on to prevent oven traces of coagulation in donor blood drawn by 
routine blood bank procedure. These studies revealed that the BDTA-Ca'' 
binding is not complete at normal blood pll and that a slight excess of EDTA 
is required above the stoichiometric quantity of calcium. We have found 1.1 
mJI of disodium EDTA to be a satisfactory amount for anticoagulating 500 
c.c. of blood. 

There is a sharp cliemical equivalence relationship between Ca“ and the 
EDTA which permits the ionized calcium in blood anticoagulated with a mini¬ 
mum of EDTA to be restored rather precisely with a predictable minimum 
amount of a calcium salt. Actually, 1.1 mil of Ca”' results in a restoration of 
the blood ionized calcium level to a normal value in the presence of the inert 
calcium disodium EDTA complex. Itowevcr, in the conversion of Edglugate 
blood for perfusion purposes we have chosen to add 1.65 mil Ca'’*’ in view 
of the increased potassium content of the plasma which develops during the 
permissible storage period. 

In our conversion of Edglugate blood for perfusion, we have added 15 mg. 
(1,500 units) of heparin .just i)rior to the addition of the calcium cliloride 
solution. 

This principle of “conversion” of Edglugate-ilg blood with heparin and 
calcium ion raises the question of the feasibility of “converting” standard 
ACD blood for extracorporeal perfusion. Even though we are aware that this 
has been done by some heart surgical teams in desperate situations of large un¬ 
expected blood loss, ordinary ACD blood has certain characteristics which seri¬ 
ously detract from using it as the only source of priming blood. This blood is 
more dilute and carries -with it a considerable burden of added sodium ion. In 
addition, it has a pH. at body temperattire which may be unacceptably low for 
extracorporeal perfusion during heart-lung bypass. Considerable citrate in 
excess of blood calcium must be present in ACD solution to force sufficient 
sequestration of Ca** to prevent the blood from clotting. Even if the dilution 
and sodium burden were to be coirsidercd acceptable, the successful “conver¬ 
sion” would require the addition of a large and uncertain amoxmt of calcium 
ion to the blood to equilibrate with the excess citrate, and some acceptable or¬ 
ganic or mineral base should be added to adjust the pll. 

In order that Edglugate blood might be preserved in storage for ordinary 
transfusions, should it not be used for extracorporeal circulation, glucose was 
added to the mixture. It has been shown previojisly'“ that the combination of 
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Table V . Distribution of EDOLUOATE-Mg Blood as Ordinary Transfusions Given as 
Single and Spaced ok Large Transfusions (Within 24-Hour Period) After Storage at 

2 °- 6 ° C. UP to 21 Days 



1 

1 1 

PINTS 

1 2-4 

TRANSFUSED 

1 5-8 1 9-12 1 

12+ 

Patieuts 

receiving single or spaced transfusions 

274 

107 

18 

4 

3 

Patients 

receiving large transfusions 

— 

115 

12 

3 

1 


Total pints transfused—945 






DISCUSSION 

"While heparin is the only in vivo anticoagulant which has been found 
suitable for extracorporeal perfusion use, it is a poor anticoagulant for pre¬ 
serving donor blood for any length of time. Blood collected in heparin slmvlj^ 
escapes the anticoagulant effect and within 12 to 30 hours of storage usually 
becomes unfit for perfusion use. 

Proper storage of donor blood for more than a few days requires more than 
the simple prevention of coagulation. Various substances must be added and 
physical conditions adjusted to minimize deterioration of both cellular and 
protein elements during storage. For example, without added glucose, eryth¬ 
rocytes soon lose viability which may not be signaled by hemolysis or changes in 
osmotic or mechanical fragility. Wlien such red cells are returned to the eii’- 
culation they are rapidly destroyed. 

Certain coagulation components, particularly Factor V and AHG, disap¬ 
pear fairly rapidly from stored blood, and especially so if incipient clotting 
is stalled by faulty collection. No satisfactory way has yet been devised to 
extend the naturally short life spans of leukoejdes and platelets in vivo or in 
vitro. These formed elements may appear morphologically nonnal in stored 
blood and yet be nonfunctional and nonviable after transfusion. Thus good 
platelet eoiuits are probably meaningless on blood stored beyond 36 to 48 hours.” 

Successful storage of whole blood for perfusion purposes depends upon 
devising a solution which preserves as far as possible the coagulation com¬ 
ponents, the erythrocytes and, within the limits of their natural life span, the 
blood platelets. The anticoagulant isotonieity, pH, dilution, and the presence or 
absence of various substances all affect the storage characteristics of different 
components of blood drawn into the mixtures. 

Edglugate-Mg solution was devised as an anticoagulant—preservative mix¬ 
ture for donor blood which might be suitable for extracorporeal perfusion use 
up to 5 days’ storage and ordinaiy transfusion use up to 21 days’ storage. 
Sprague and his associates^” showed that a mixture of EDTA (ethylenediamine 
teti’aacetic acid) and glucose was a suitable anticoagulant presemative solution, 
at least with respect to red cell viability. EDTA has been used clinically as an 
anticoagulant for blood transfusions for some time, particidarly for transfusions 
where platelet rich blood is desirable. 

The disodium calcium salt of EDTA (the compound resulting on its addi 
tion to blood) has a very low toxicity in man. Administered as a chelating 
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agent foi to\w polyvalent cations, it has been used exfensivoK f,,, i j 
mg m eluldion and foi accidental iiiTestioii of v inn,. , , 
signihcant toxic effect lepoitcd thus &i has been reLllutor^T 

on a molai basis is live tiniM as 

ot blood "" ®*‘‘‘**® an anlicoagiilant 

~M 

loutine blood bank pioeeduic Tlipsn m donor blood diann by 

IS leqimed above the stoieliioiiictue nuantitv of n ) * 

mil of disodium EDTA to bo a satisfaetn.v ^ ^^0 have found 11 

cc of blood ‘ ‘ anticoagulating 500 

mum of EDTaV to be lastord ratlioi mnl ^ ^ “ 'ticoagulated with a mini 
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EDTA and glucose gives satisfactory survival of red blood cells after storage 
up to 21 days. However, whereas we also found this combination to give good 
in vivo suiwival (see Fig. 2), we noted an increase in hemolysis and plasma 
hemoglobin between the second and third weeks of storage. We found this mild 
spontaneous hemolysis could be largely prevented by the addition, of a small 
amount (1.67 mM) of sodium gluconate to the anticoagulant mixture. 

The leakage of potassimn ion from red cells to the plasma during tlie refrig¬ 
erated storage of whole blood seems to be an unavoidable phenomenon which 
is influenced by the nature of the anticoagulant—preservative employed only in 
rate. Eed blood cells stored in Edglugate lose potassium at a rate about double 
that of ACD blood. Prom the standpoint of its use in perfusions, this is per¬ 
haps the most impoi’tant defect of this mixture. 

We are hopeful that further adjustments of this anticoagulant—preserva¬ 
tive still under study may decrease this rate of potassium loss mth storage. 
Perhaps chelating the additional plasma potassium and any ammonia accumu¬ 
lated during storage on exchange resins at the time of transferring the blood 
into the heai’t-lung machine might be a practical solution, but thus far we have 
had no experience with this interesting technique recently suggested by 
Schechter.^- 

As illustrated in Fig. 3, a transient rise of plasma potassium occurs in some 
patients perfused with Edglugate blood 'within 2 to 3 minutes after starting 
perfusion. There is a simple correlation between the level reached and the potas¬ 
sium content (related to the age of the blood), volume of priming blood, and 
body weight of the patient. This additional plasma potassium is quickly taken 
up by the patient’s relatively large intracellular space and the plasma potas¬ 
sium returns to normal in the next 2 to 4 minutes of perfusion. 

As would be expected, the pH of Edglugate blood declines .slightly during 
storage as the erythrocytes metabolize glucose and liberate free organic acids 
to the plasma. However, this fixed metabolic acid load contributed by Bdglu- 
gate blood stored up to 5 days is of little consequence as indicated in a previous 
repoih from this laboratoryDuring these studies of blood buffer base levels 
both during and following clinical perfusions, we found no significant differences 
between the series of patients perfused with fresh heparinized blood and the 
series peiffused 'with stored Edglugate blood. In both groups of patients the de¬ 
creases in blood buffer base were no greater than have been reported as result¬ 
ing from nonperfusion thoracic procedures and anesthesia.^‘ 

Changes in certain coagulation components occurring in Edglugate blood 
during the first few days of storage are of pariicular interest. 

Pre'riously, it has been observed that disodium EDTA, particidarly in ex¬ 
cess, causes a rapid loss of plasma antihemophilic globulin and Factor V (ac¬ 
celerator globulin) activity.^® More recently, Zucker and Borrellfl® and 
Mustard^’^ have shown that this effect of EDTA is decreased if the EDTA is 
kept to the minimum necessary for anticoagulation. Zucker and Borelli also 
found that the addition of magnesium inhibited the depression of the Factor 
V level. Thus besides keeping the disodium EDTA to the minimum levels 
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mentioned previously, wo iiavG also included a small quantity (0.15 mM) of 
magnesittm chloride in the Edglugate mixture. Despite this addition of mag¬ 
nesium ion, fairly rapid inactivation of both Factor V and antihemophilic glob¬ 
ulin occurs during the first few days of storage (Table I). These changes are 
more rapid than those seen in citrated blood and probably represent a price 
which must be paid for the use of a potent chelating anticoagulant. 

Didisheim*® has reported that all other knowm coagulation components are 
relatively unaffected by EDTA. Despite this depression of antilieinophilic and 
Factor V activity in stored Edglugate blood, we have encountered bleeding 
following extracorporeal circulation in only 1 patient. While in extremis, this 
woman developed a potent fibrinolysin after 214 hours of pumping during a 
futile effort to sustain her failing heart. 

In many of our patients having open heart operations, we have can'icd out 
extensive coagulation studies both pre- and postperfusiou. Pertinent data from 
some of these patients are given in Table IV. It will be noted that in most of 
these patients there was a depression of AHG and Factor V levels postperfusion. 
None of these patients showed any evidence of postoperative bleeding. 

One patient (D) had a 99 per cent reduction in the ADO level. However, 
the facts that the postperfusion clotting time was normal and that he showed 
no bleeding tendency would indicate that the moderate fibrinolysin also found 
in this patient miglit have accounted for the falsely low AIIG assay. 

It is of further interest that Hoeksema, Slustard, and Mustard’® have re¬ 
cently reported similar depressions in AIIG levels of 10 to 80 per cent follow¬ 
ing extracorporeal circulation in patients perfused with fresh heparinized blood. 
This would indicate, perhaps, that like the postperfusion depression of the plate¬ 
let count, the depression of AIIG level is more closely related to the duration 
of the perfusion and any in vivo activation of tlie coagulation process than to the 
AHG content of the priming donor blood. Eecently, we have had the oppor¬ 
tunity to test the in vivo effectiveness of Edglugate plasma in a hemophiliac 
(AIIG deficient) admitted to the hospital for elective tooth extraction. The 
patient’s trait was severe and two siblings and two cousins had died as a direct 
result of their disease. This patient’s AHG level was corrected and maintained 
with Edglugate plasma, some of which had been stored at 2° to 6° C. for periods 
up to 5 days. Volumes of 200 to 400 e.c. of Edglugate plasma a day were com¬ 
pletely adequate to control this man’s bleeding tendency as measured by the 
PTT test® and allow the uncomplicated extraction of 6 teeth. 

As mentioned above, morphologic maintenance of formed blood elements is 
not equivalent to viability. The platelet eounts shown in Table 1 are quite 
respectable. Platelets in Edglugate-JIg blood are in the sphere form and re¬ 
main intact without clumping for many days. However, from the studies of 
Krevans and Jackson,® it is very unlikely that these platelets are hemostatically 
functional in vivo after more than 1 or at most 2 days’ storage. In spite of 
this, we have seen no purpuric manifestations in an 3 ’ of our patients or any 
bleeding attributable to thrombopenia. (Tables II, IV.) 
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EDTA and glucose gives satisfactory survival of red blood cells after storage 
up to 21 days. However, whereas we also found this combination to give good 
in vivo suiwival (see Fig. 2), we noted an increase in hemolysis and plasma 
hemoglobin between the second and third weeks of storage. We found this mild 
spontaneous hemolysis could be largely prevented by the addition, of a small 
amount (1.67 mM) of sodium gluconate to the anticoagulant mixture. 

The leakage of potassium ion from red cells to the plasma during the refrig¬ 
erated storage of whole blood seems to be an unavoidable phenomenon which 
is influenced by the nature of the anticoagulant—^preservative employed only in 
rate. Red blood cells stored in Edglugate lose potassium at a rate about double 
that of ACD blood. Prom the standpoint of its use in perfusions, this is per¬ 
haps the most important defect of this mixture. 

We are hopeful that further adjustments of tliis anticoagulant—preserva¬ 
tive still under study may decrease this rate of potassium loss with storage. 
Perhaps chelating the additional plasma potassium and any ammonia accumu¬ 
lated during storage on exchange resins at the time of transfemng the blood 
into the heai*t-lung macliine might be a practical solution, but thus far we have 
had no experience vdth this interesting technique recently suggested by 
Scheehter.^- 

As illustrated in Pig. 3, a transient rise of plasma potassium occurs in some 
patients perfused with Edglugate blood wthin 2 to 3 minutes after starting 
perfusion. There is a simple correlation between the level reached and the potas¬ 
sium content (related to tlie age of the blood), volume of priming blood, and 
body weight of the patient. This additional plasma potassium is quickly taken 
up by the patient's relatively large intracellular space and the plasma potas¬ 
sium returns to normal in the next 2 to 4 minutes of perfusion. 

As would be expected, the pH of Edglugate blood declines slightly during 
storage as the eiythrocytes metabolize glucose and liberate free organic acids 
to the plasma. However, this fixed metabolic acid load contributed by Edglu¬ 
gate blood stored up to 5 days is of little consequence as indicated in a previous 
report from this laboratory.^^ During these studies of blood buffer base levels 
both during and following clinical perfusions, we foimd no significant differences 
between the series of patients perfused with fresh heparinized blood and the 
series perfused with stored Edglugate blood. In both groups of patients the de¬ 
creases in blood buffer base were no greater than have been reported as result¬ 
ing from nonperfusion thoracic procedures and anesthesia.^^ 

Changes in certain coagulation components occurring in Edglugate blood 
during the first few days of storage are of particular interest. 

Previously, it has been observed that disodium EDTA, particularly in ex¬ 
cess, causes a x’apid loss of plasma antihemophilic globulin and Factor V (ac¬ 
celerator globulin) activity.^® More recently, Zueker and Borrelli^® and 
Mustard^'' have shown that this effect of EDTA is decreased if the EDTA is 
kept to the minimum necessary for anticoagulation. Zueker and Borelli also 
found that the addition of magnesium inhibited the depression of the Factor 
V level. Thus besides keeping the disodium EDTA to the minimum levels 
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mentioned prcvioimly, we liave also included a small quantity (0.15 inM) of 
magnesium chloride in the Edglugate mixture. Despite this addition of mag¬ 
nesium ion, faii’ly rapid inactivation of both Factor V and autihemopliilic glob¬ 
ulin occurs during the first few days of storage (Table I). Tlicso cliangcs are 
more rapid tJian those seen in citralcd blood and probably represent a price 
which must bo paid for the use of a potent chelating anticoasuiant. 

Didisbeim'® iias reported tliat all other known coagulation components are 
relatively unaffected by EDTil, Despite tliis depression of antilicmopbiiie and 
Factor V activity in stored Edglugate blood, we have encountered biecdiiig 
following extracorporeal circulation in only 1 patient. 'NVliile iu c.xtroniis, tliis 
woinan developed a potent fibriiiolysin after 2t,5 boui-s of pumping during a 
futile effort to sustain her failing heart. 

Ill many of our jiatients having open heart operations, we have carried out 
extensive coagulation studies botit pre- and postperfu.sioii. Pertinent data from 
.some of these patients are given in Table W. It will he noted that in most of 
these patients there was a deprcs.sion of AUG mid Factor V levels postperfusion. 
None of these patient.s showed any evidence of postoperative bleeding. 

One patient (D) iiad a 99 per cent reduction in the /VUG level. However, 
the fact.s that the po.slperfiwion clollhig time was normal and that ho showed 
no bleeding temleiic}' would indicate that the moderate fibriiiolysin also found 
in thk patient might have accounted tor the falsely low AIIO assay. 

It is of further interest that Iloeksema, Mustard, and Mustard’" have re¬ 
cently reported similar depressions in AUG icvcis of 10 to 60 per cent follow¬ 
ing extracorporeal eiroulatiou iu patients perfused with fresh hepariniaed blood. 
This Would indicate, perliaps, tliat like the postperfu.sioii depression of the plate¬ 
let comit, the depression of AUG level is more closely related to the duration 
of the perfusion and any in vivo activation of tlic coagulation process than to the 
AUG content of the priming donor blood. Recently, we have had the oppor¬ 
tunity to test the in viv'o effect iveiic.s.s of Edglngato piasma in a hemophiliac 
(AlIQ deficient) admitted to tin- hospital for elective tootli extraction. The 
patient s trait was severe and two sdilmgs and two cousins had died as a direct 
result of their dhcase, Tiik patient11' t level ivas corrected and maintained 
with Edglugate plasma, some of wiiiidi li< eii stored at 2° to 6“ C. for periods 
up to 5 days. Volumes of 200 to 40(i < ■ o' IMvlugate plasma a day were com¬ 
pletely adequate to control this man's M" io ■. o ndoney as measured by the 
PIT test- and allow the uiicomplieated i G tooth. 

As mentioned above, iiiorpliologic mano' o ■ i formed blood elements is 
not equivalent to viability. The platchf " 'u Table I are quite 

respectable. Platelets in Edglugatc-Mg ... sphere fom and re¬ 
main intact without clumping for many d.r '■ ■ I'um tbe studies of 

, vans and Jackson," it i.s very unlikely tlm' ■ " - '”■« hemostatically 

fmictional i„ vivo after more than 1 or at -r n 'U”- Iu spite of 

u«, we have seen no purpuric manifestatiuns in any ' ' "" any 

weeilmg altribiUaWe to thromhopenia. (Tables t IV.) 
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All of tlie patients reported in this study have been perfused by the hypo¬ 
thermic techniques in use at this center/ Because of the advantages which we 
feel to accrue from the combination of hypothermia and low-flow extracor¬ 
poreal perfusion, we have not been willing to change our technique in order to 
study Edglugate blood under normothermic high-flow perfusion conditions. 
It is hoped that other groups evaluating this anticoagulant—preservative mix¬ 
ture will soon have sufficient data and experience to permit more full eval¬ 
uation. 

Table V summarizes the distribution of Edgiugate-Mg blood for ordinary 
transfusion to patients on various services throughout the hospital over a 2- 
year period. A number of these units Avere distributed by the blood bank for 
ordinary transfusions after the heart operations for which they had been in¬ 
tended originally Avere delayed or cancelled for one reason or another. The 
remainder Avere collected during a period of 1 month Avhen all donor blood 
collected in the Duke Hospital Blood Bank for all purposes Avas draAvn into 
Edglugate-Mg solution. Aside from the small amount of eitrated blood Avhich 
Avas shipped to the blood bank from outside sources, every unit of blood given 
in Dulce Hospital during this period of time Avas stored Edglugate-Mg blood 
handled through our ordinaxy transfusion pi‘ocedures. No untoAvard clinical 
results Avere reported and the incidence of transfusion reactions Avas as Ioav 
as or loAver than our reaction rate Avith eitrated blood. This poxdion of the 
study was conducted to assess the effectiveness of Edglugate blood for or¬ 
dinary transfusions as compared Avith citrate blood. As noted in Table V, 
many patients received multiple spaced ti’ansfusions of this blood. Many 
others received large simultaneous ti'ansfusions Avith adequate response and 
Avithout any discernible ill effects. The 945 units of Edglugate blood admin¬ 
istered as ordinaxy transfusion added to the more than 600 units used hi extra- 
eox'poreal pex’fusion repx-esents a total sexdes in excess of 1,500 pints of Edglu¬ 
gate-Mg blood giA^en to all classes of patients on the vax'ious hospital services. 

Obviously, there are special conditions such as hypex-kalemia, hemophilia, 
and the rare instances of Factor V deficiency in Avhich eitrated blood Avould be 
preferable. At the present time, Ave do not feel that Edglugate blood has any 
advantages over ACD for ordinaxy use, but Ave have found it satisfactoxy for 
the majority of patients. 

SUMMARY 

Untfl. it becomes possible to maintain blood outside the body in a condition 
of noianal homeostasis, there is no doubt that hepax’inized blood freshly 'draAvn 
from the donor by metiexilous technique is the most ideal blood for use in human 
perfusions. 

In order to employ any substitute blood Avhich has been stored even tempo- 
rax’ily for this puipose, one must be willing to accept soixxe changes-in this blood 
as inevitable. In these studies aa^c haA'^e attempted to evaluate both the ad¬ 
vantages and disadvantages of an anticoagulant—presexvative mixture designed 



\ol jS No S 
Novcnbcr 193? 


S10DIES or EDOLUGATE llo 


585 


as a siibstituto foi fiesli hcpaiimzed blood Its ad^autoges incdudmg tlie pos 
sibilitj of having blood on baud foi cmeigency pei fusions lia\e been outlined 
Its disadvantages and Innitatioiis at the cud ot the 5 daj pounissiblc stoiago 
peiiod for poifusion aio uieieased plasma potassium content and dcpiession of 
antilioniophilic globulin and Faetoi V levels In spite of these changes, ive have 
had no leeognizable difficulties in 81 pufusion cases employing Edglugate Jig 
blood stoiod up to 5 dajs foi pinning the evtiacoipoital appaiatiis We aie 
most hopeful that contmunig studies of this anticoagulant mil icsult in luithei 
impioveniont of its preseiiation qualities toi this puipose 
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AN AUTOMATICALLY CONTROLLED, INEXPENSIVE 
PUMP-OXYGENATOR 

Adrian Kantrowitz, M.D., Stuart Reiner, B.E.E., Al.E., and Donald 
Abelson, AI.D., Brooklyn, N. Y. 

S INCE the early reports of the successful development of extracorporeal cii’- 
culation and open lieart surgeiy,®- there has been widespread interest in 
refinement of techniques. Our group has directed its energies recently to the 
development of an inexpensive, self-controlled pump-oxygenator. 

During the 10 years that we have been uiterested in experimental extra¬ 
corporeal circulation, we have studied various types of pumps^° as well as 
bubble oxygenators, screen- and disc-type oxygenators. At present, we prefer 
a rotating disc oxygenator which we have modified to suit our particular needs. 

The apparatus consists of a rotating disc oxygenator originally suggested 
by Bjbrk^ and more recently, described by Kay and Cross-’ “ and others,^" 
combined with a roller-type pump. Venous blood is brought from the superior 
and inferior venae eavae to the oxygenator by gravity. Since a venous pump 
is not used, a significant source of trauma to the blood is eliminated. The 
pool of blood in the oxygenator serves as a venous reservoir so that the latter 
component is also eliminated. The discs are driven directly by a small frac¬ 
tional horse power motor at 120 revolutions per minute. Oxygenated blood 
leaves at the opposite end of the chamber and is carried by large-bore Tygon 
tubing to a roller pump. The pump then returns the blood to the arterial 
side through a filter. Excess blood in the opened, bypassed heart is collected 
by a suction tip attached to a second roller pump which delivers it to a com¬ 
bined defoaming chamber and bubble trap reservoir. Prom here, the blood 
is returned to the venous end of the oxygenator. 

It has been shown by McCaughan and his co-workers^^ and others that 
most of the trauma to the blood removed from the opened heart results from 
excessive mixing of air with the blood in the suction pump. To minimize this 
effect, a control button has been placed on the suction handle which is pressed 
only when suction is desired. Thus the pump is turned on and off at the table, 
and the influx of air is minimized. 

From the Departments of Surgery, Maimonides Hospital of Brooklyn, and the State Uni¬ 
versity of New York-^oliege of Medicine at Brooklyn. 

Supported in part by a grant (H-3023) from the National Heart Institute of the National 
Institutes of Health. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif., April 21-23, 1959. 
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The paits of tlie system which aie in contact with blood consist of Tygon 
tubing, lubbei, stainless steel, and silicone coated Pyicx glass All of the com¬ 
ponents aie autoolavable, thus ciisuiing sterility 

CON rUOLS 

In most centers where caidiopulmonaiy bypass is used cliiueallj, the pump 
oxjgenatoi has been operated by either a physician or a specially trained 
teehniciaii or group of technici.ins It is usually necessary to observe several 
raiiablos continuously, and iiiahe adequate adjustiiicnts during the perfusion 
Among the more impoitant factois to be observed and controlled are (1) venous 
pressure, (2) aitenal pressure, (3) blood lerel m the oxygenator, (4) flow 
late, (5) blood tempeiatrric, (C) replacement of blood loss, and (7) the eleotro- 
caidtogiain In .iddition, some centers routinely nionitoi (8) the eleetioen 
teplialogiaiii, (0) arterial and \cnous oxygen saturation, and (10) blood pH 
and pCO. 



It is generally agreed that the continuous obseiwation and collection of 
the first 7 factors are necessary for a successful perfusion By using three 
control systems, we are able to observe coiitmually and maintain automatically 
the first 5 factors at pie set levels The technician is able, therefore, to direct 
his attention to the replacement of abnormal blood loss, under the diiectron 
of the anesthesiologist Gibbon® and Ixiiklin® and their associates have dc 
scribed the autoinatio control raechamsms used nr the screen oxygenator which 
they employ 

VENOUS PKESSURE 

Venous pressures are measured by passing a catheter through a supei-fioial 
vein into the inferior vena cava A scaled mcieury manometer is attached to 




588 


KANTEOWITZ, EEINEE, ABELSON 


J. Thorack and 
Cardiovas. Surg. 


the end of the catheter. T^Yo electrodes are introduced into one limb of the 
merenry manometer and so placed to sense pressures of 10 cm. and 12 cm. of 
watei'. A motor-driven occluding clamp is placed on the main venous line 
between the heart and the input opening of the oxygenator chamber. Since 
the oxygenator is placed 75 cm. below the heart level, a greater negative pres¬ 
sure is developed at the opening of the venous line than can be used efficiently. 
A simple relay circuit is so arranged that if the venous pressure is below 10 
cm. of water the motor is turned on to close the clamp i/^ of a turn, thus re¬ 
ducing the amount of blood removed from the venae eavae. It then waits 8 
seconds to see if this adjustment is sufficient to bring the venous pressure into 
the “normal” range. If it is not, it rvill make another correction and again 
wait 8 seconds. If the venous pressure is between 10 cm. and 12 cm. of water 
(our arbitrarity selected “normal” range), the motor-driven clamp remains 
in a fixed position. If the venous pressure is higher than 12 cm. of water, the 
cireixit turns on the motor-driven clamp to open ^ of a turn, thus removing 
more blood from the superior and inferior venae eavae; it then waits 8 seconds 
and if the venous pressure has not fallen to “normal” it will then make an¬ 
other adjustment. This mechanism thus assures constant surveillance of the 
venous pressure and automatically adjusts it when indicated to ensure main¬ 
tenance of normal venous pi-essure. Therefore, the same venous flow that 
would normall3^ return to the heart is now l)eing delivered to the pump- 
oxj’-genator. 

BLOOD LE^'EL CONTROL 

Since reliabilitj-, autoelavability, and simplicity were the cardinal require¬ 
ments in the design of the volume sensoi-, a means for obtaining a large output 
signal at useful power levels without complicated vacuum tube or transistor 
circuitry was sought, ilethods that involve weighing the perfusion cham¬ 
ber, level sensors wliieh require floats, or capacitive blood level pickup using 
the blood as a dielectric were rejected because of mechanical and electrical 
complexitjL 

A photoelectric blood level sensor was decided upon since it could operate 
outside the oxj'’genator chamber, eliminating eleairing and autoclaving problems. 
In addition, the complete generality possible with a photoelectric pickoff per¬ 
mits the direct application to a wide varietj’" of oxygenator chamber designs 
with a minunmn of modification. A light source and a light sensitive cell 
mounted on the outside of the oxygenator chamber are arranged so that a light 
beam passes through the walls of the chamber and falls upon the sensitive sur¬ 
face of a photocell in such a manner that changes in blood level varies the 
amount of the light falling on the cell. The electrical output of the cell is then 
used to control the speed of the arterial pump motor. 

A major factor in the decision to use a photoelectric sensor was the recent 
advent of large area cadmium sulfide photocells of great sensitivity and cap¬ 
able of dissipating as much as 0.5 watt of electrical power. The output of 
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sucli a cell could easily be used to control a simple power amplifier required 
for the horse power variable speed pump motor. 

The cadmium sulfide cell is a photoconductive cell, that is, the electrical 
conductivity of the cell varies with the amount of light falling on it. As a 
circuit element, it behaves like a variable I'csistor. The type G957 used in this 
system is a hennetieally sealed unit in which the resistance varies from many 
millions of ohms when dark to a few hundred ohms when illuminated. The 
purpose of the photoelectric flow controller is to maintain a fixed volume of 
blood in the oxygenator throughout the procedure. This state of equilibrium 
is achieved l)y automatically adjustijig the speed of the arterial pump which 
withdraws blood from the oxygenator. The pumping rate varies in response 
to signals fiom the sensor, the output of which is a function of the blood volume 
ill the oxygenator. An increase in volume of blood in the oxygenator results 



Fig 2—Special clamp with photoelectric cell and light source, and electronic contiol unit 


in an increased withdraival pumping rate, and a decrease in volume reduces 
the pumping rate. The photocell is thus able to “watch” the blood level changes 
in the oxygenator precisely. In the 17-iueh disc oxygenator, an increment of 
50 c.c. of blood is detectable by the photocell The electrical system is damped 
and is extremely stable. The photocell tends to select the coirect pump speed 
continuously and maintain this speed at all times. The ai’terial pump output 
is determined by the venous return to the oxygenator The venous return, as 
has been described earlier, is selected automatically to maintain venous pres¬ 
sures at normal levels. The Wood level, then, in the pump-oxygenator is 
effectively locked and thus (barring abnormal blood loss from the entile system) 
ensures against undesirable shifts in the patient’s blood volume®' and auto¬ 
matically maintains blood piessures within normal- ranges. Normal arteri.il 
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pressures assure flow rates which are consistently above 100 c.c. per kilo per 
minute. Thus, this one sensing device and control mechanism automatically 
maintains the blood in the machine at pre-set volumes, the flow rates above 100 
c.c. per kilo per minute, and the arterial pressures within the normal range. 

Falling arterial pressures indicate abnormal blood loss from the entire 
system. Blood replaced into the oxygenator will then be delivered immediately 
to the patient, and arterial pressure will return to the normal range. Provision 
is made for quicldy switching the control to manual operation in case of failure, 



Fiff. 3.—Special clamp with photoelectric cell and light source mounted on oxygenator. 

by disconnecting the cell and substituting a variable resistor. The only com¬ 
ponents in the controller having finite life are two thyratrons and the excitor 
lamp. The thyratrons used have sufficient capacity so that if one fails, the 
system will continue in operation. The possibility of both thyratrons failing 
simultaneously is remote. Failure of the excitor lamp will cause the pump to 
run at full speed. In this event, the control is smtched to manual operation 
for the remainder of the perfusion. Two excitor lamps could be built into 
the lamp housing for additional safety. This controller should have excellent 
reliability and should not be subject to sudden failure since it is simple in 
design and contains components that inhei’ently have long life. 

BLOOD TEIIPER.VTURE CONTROL 

It has been shown by De AValP and others that it is desirable to maintain 
the blood in the extracorporeal circuit close to normal body temperatures. 
First, rapid changes in blood temperature tend to promote hemolysis of blood. 
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and second, oxygen is more soluble in blood at lower temperatures than at 
higher body temporatui'cs. Therefore, it is possible that a saturated solution 
of oxygen in cooler blood in the oxygenator may come out of solution in the 
foian of small bubbles when the blood is returned to the patient and becomes 
warmed. A thermistor probe is placed in a thin-walled pocket in the oxygenator 
chamber below the blood level. The temperature of the blood is then sensed 
by the thermistor and controlled by a eoinmercially available temperature 
s\vitch which tunas a heater coil on and oft’. We have set the conti’oller to 38° 
C. and are able to maintain the blood tcmpcratuie within 0.5° C. The conti-oller 
itself can detect changes of 1/10 of a degree eentrigi'ade. 



Fig 4 —Completely assembled automatically controlled pump-oxygenator 


TECHNIQUE OF PERFUSION 

The prnnp oxygenator is primed ivith 2,500 e c of blood This amount is 
sufficient to fill the oxygenator, the combined filter and bubble trap, the de¬ 
foaming chamber, and all of the lines. Blood is circulated for a few minutes 
in order to be certain that all air bubbles have been removed. The arterial 
pump motor is turned off by a switch The arterial and venous lines are then 
clamped and appropriate connections are made to the patient To start the 
perfusion, the clamps arc removed from the venous and arterial lines and the 
arterial pump motor switch is tiinied on. From that point on, the pump- 
oxygenator regulates itself. When the tourniquets around the superior and 
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inferior venae eavae ai’e tightened to initiate total bypass, the increased venous 
return to the pump-oxygenator is automatically compensated for and all of 
this blood immediately returned to the patient after oxygenation. To discon¬ 
tinue the perfusion, one needs only to clamp the venous line. Venous return 
to the pump-oxygenator is then discontinued and the arterial pump will come 
to a stop as soon as the blood level in the oxygenator reaches its priming posi¬ 
tion. 


DISCUSSION 

It seems axiomatic that if a mechanism can be made to perfoi*m a given 
function more reliably than a human being that it should be used. A practical 
consideration that often enters in such a decision is the cost of such an appa¬ 
ratus. All of the electronic controls in our pump-oxygenator can be purchased 
for under $1,000.'* The techniciau who stands by during the bypass has to 
be available in ease of mechanical or electrical failure, in which case the pump- 
oxygenator can be run by manual controls. Othenvise, after the initial filliug 
of the oxygenator with priming blood, he can devote his entire attention to 
replacement of unusual blood loss under the direction of the anesthesiologist. 

Adjustments during the perfusion are automatically sensed and made by 
the machine during critical periods of change. When the perfusion is first 
begun, there is a tendency for the pump to overtransfuse the patient. When 
the venae eavae are occluded, an increased amount of blood is usually returned 
to the pump-oxygenator. Conversely, when the tourniquets are released, large 
amounts of blood can suddenly be lost from the machine. If there is unusual 
blood loss from the patient during the bypass, there is a tendency for blood 
to be lost from the pump-oxygenator. If vasopressor drugs are given, blood 
has a tendency to rise in the oxygenator. We feel that these abnormal shifts 
in blood volume are deleterious to the patient on bypass and are avoided when 
the blood volume in the machine is maintained at a constant level. Decreased 
blood level in the oxygenator decreases the efficiency of the oxygenating sur¬ 
face and, if the level drops low enough, may lead to air embolism. If the blood 
in the oxygenator rises too high, it may Avet the shaft, leading to turbulence 
and foaming, or leak out of the shaft bearing. The apparatus that Ave have 
designed eliminates the possibility of the occurrence of these untoAvard mani¬ 
festations. 

SUMMARY 

1. An improA^ed, automatically controlled, rotating disc pump-oxygenator is 
described. 

2. Venous pressures are continuously monitored and automatically con¬ 
trolled during bypass by the use of a motor-driven clamp on the venous line. 

3. Blood levels, arterial pressures, and blood flows are automatically sensed 
and controlled Avith one device Avhich is nigged, reliable, and inexpensive. 

‘Available from the Teca Corporation, 80 Main Street, White Plains, N. T. 
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4. Blood tcinperatuies in the oxygenator axe also contioiled antomatically. 

Tlio autliors ui&li to o\iJrcss gratitiulc to Mr. Percnnl Hear} aud Sir. Slarco AJbaneso 
for their \aluable tcclmieal assistance, - 
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AN EXTERNALLY VALVED HYDRAULIC CARDIAC SUBSTITUTE 

/. A. Breckler, M.D. (by invitation), C. L. Portnoff, Al.D. (by invitation), 
and Jack G. Bitterly, B.S. (by invitation), Burbank, Calif. 

INTRODUCTION 

I N APPLYING the techniques of extracorporeal circulation, cardiac pumps pose 
less of a problem in perfusions than do the oxygenator systems. Using the 
Sigmamotor pump, which is perhaps the most traumatic of all the commonly 
used machines, Lillihei and DeWalU express satisfaction -with the amount of 
hemolysis produced during an average perfusion. And yet, as time goes on, and 
surgical bypass time increases, as more complex intracardiae defects are dealt 
with surgically, and as we approach the new era of medical bypass to support 
the failing heart, better pumps will be needed. 

Four basic requirements must be met in the design of the ideal pump.* 

1. The pump ventricle and inflow and outflow tracts should be uniform, 
with relatively large internal diameters. 

2. All tubing surfaces in contact with blood should be min*or smooth, 
plastic in nature, free of turbulence, Avithout internal valving, and be easily 
cleaned. 

3. A variable floAv from 0 to 5,000 c.c. per minute must be available Avhich 
can be varied as to stroke volume and pulse rate. It should be possible to vary 
this flow either manually or by seiwomechanisms tied to either the oxygenation 
system or the patient’s electrocardiograph. 

4. Constant information should be available as to the ptunp volume flow and 
the patient’s arterial and venous pi-essure. To ensure an accurate pump output, 
there should be minimal pump load sensitivity as smaller cannulas are selected 
and/or as peripheral resistance rises. 

For practical purposes there are three types of pumps currently employed. 

1. Dale-Sc1iv.steA -°—in which a ventricle is externally compressed, but not 
to total occlusion, and unidirectional floAV is obtained by internal valving either 
with butterfly or ball valves, or by external valving with some form of pressure 
bar or point which is occlusive. 

2, SigmamoioA —in Avhich travelling compression waves are set up in a 
ventricle by unidirectional rollers which are almost or completely occlusive. 

Prom the research laboratories of The St. Joseph Hospital, Burbank. Calif. 

Supported in part by Research Grant H-4186, National Institutes of Health. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles. Calif., April 21-23, 1959. 
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3. Bo Bafecy®—in whicli travelling compression waves are produced in a 
ventricle by luiidirectional rollers whicli are almost or completely occlusive. 

If at some point in any of these systems there does not exist complete occlu¬ 
sion, the pumps become load sensitive to some degree and lose their ability to 
pump a constant volume of blood under all conditions of I'csistance. There are 
many perfusionists who feels strongly that it is not nccessaiy to make their pumps 
occlusive,. Eathcr than depend on a knowledge of accurate flow, they monitor 
systemic arterial pressure. It appears, however, that the only .simple way that 
a pump can be constructed to be uonload sensitive is for it to bo occlusive. On 
the other hand, as the occlusive area wiped or compressed per unit flow rate in¬ 
creases, so will hemolysis increase. 

AVe have studied anew the problems relating to development of a more ideal 
pump and wish to present one solution to the problems just outlined. Our 
pump acts on an externally eompres.scd nonocclusive ventricle of uniform Tygon 
tubing. The external valves act on the same piece of Tygon which is fimction- 
ing as the ventricle. The tubing from the pump inlet to the outlet is uniform in 
diameter and without joints. 

Our initial model was de.signcd to evaluate the feasibility of some of the 
mechanisms proposed for a clinical pump and to provide a unit for performing 
hemolysis tests under varying conditions. 

DESCRIPTION OP THE PUJtP' 

Pumping action is achieved by hydraulically squeezing a Tygon ventricle 
located between two mechanically actuated guillotine-type valves (Pig. 1). The 
valves and pumping action are synchronized so that the outlet valve opens as 
the Tygon is squeezed and the inlet valve opens as the Tygon returns to its 
normal shape. Thus, for one half cycle the pump is delivering fluid and for the 
other half cycle the ventricle is filling. 

The hydraulic pressure, compressing the ventricle, is applied as follows: 
The Tygon ventricle is surrounded by a fluid-filled, annular chamber that uses 
a slightly larger diameter Tygon tube as its inner wall. The outside diameter 
of the ventricle and the inside diameter of the hydraulic chamber are essentially 
the same. Fluid is delivered to and taken from the annular chamber by the 
mechanical actuation of a rubber diaphragm located on. an auxiliary chamber 
which is hydraulically connected to the annular chamber. The two chambers 
form a closed, sealed hydraulic unit with no possibility of leakage into the blood 
containing ventricle. A positive hydraulic action in the annular chamber is 
assured that is directly proportional to tlie mechanical action on the diaphragm 
of the auxiliary chamber. The mechanism is arranged so that at no time does 
the Tygon ventricle become occlusive. 

Valving action is achieved by ocelusively squeezing the ventriele tubing with 
transverse rods, 14 inch in diameter, externally located 1 inch from the ends of 
the annular chamber. The valves are actuated through lever arms connected 

♦Manufactured by The United Precisloneers Inc., Calabasas, Calif.; distributed by The 
Mark Co., Randolph, Mass. 
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to cams located on the main-drive shaft. The eccentric, which operates the 
diaphragm actuating mechanism, is also on the main-drive shaft, thus ensuring 
positive synchronization between the valves and pvunping action. 

The pump is driven by a model M143 Zero-Max variable speed drive and 
motor. A belt with a three-to-one pulley reduction is used, giving available 
pulse rates of zero to 130 pulses per minute. The Zero-Max speed control is 
used to vai'y the pulse rate. A mercury switch, to eliminate sparldng, is used 
for the main power switch. Separate control knobs adjust the pulse rate and 
the stroke volume independently of one another. The flow rate can be varied 
from zero to full flow by changing the pulse rate and/or by changing the 
stroke volume while the prunp is stopped or in operation. 


INLET VALVE VENTRICLE OUTLET VALVE 



Fig. 1 .-—Diagrammatic sketch of the hydrauiic pump principle. Note that the drive 
shafts actuating the hydraulic cyiinder and the arms to the guiliotine valves are synchronous 
and mechanically linked. 

Using a 12-inch ventricle length with a i/g inch wall and an internal diameter 
of % inch, a maximum flow of 5,800 c.c. per minute at a pulse rate of 114 was 
obtained. This flow can be easily increased by using a larger ventricle. The 
pump is self priming and is essentially not load sensitive. It has been run con¬ 
tinuously in one test for over 50 hours at 100 pulses per minute using the same 
ventricle, Avithout producing noticeable damage to the Tygon tubing and Avith- 
out altering the pumping characteristics. 

A second pump has been designed and tested using a mechanical pressure 
bar instead of hydraulic fluid to compress the ventricle. Since the ventricle is 
not occluded by the pressure bar and all other aspects of the pump Avere kept 
constant, Ave could find no essential difference in the performance betAveen the 
hydraulic and mechanical ventidcles. 

A third pump, Avhich is the clinical unit, Avas prepared utilizing identical 
but refined principles outlined in this paper but Avith a mechanical compression 
bar acting on the ventricle. 








Vol. 38, No 5 
Noxember, 1959 


HYDRAUI.IC aUlDIAC SUBSTITUTE 


597 


TEST METHOD 

III order to evaluate the described pump, comparative hemolysis tests were 
coueurrently performed with De Bakej',* Sigmamotor, and the UPI pumps. 
Freshly drawn, heparinized dogs’ blood from several animals was premixed in a 
pla.stic container from which ecjual volumes were taken for each of the test 
pumping circuits. The blood was placed in identical plastic test chambers and 
circulated througli identical circuits until each pumping circuit was free of air. 
Control bloods were taken after the circuits were filled and free of air; there¬ 
after the pumps were operated for varying test periods as reiiuired. For each 
study, the test chambers were kept of uniform size, shape, and position and all 
adapters and orifices were of uniform size so tliat all tests and pumps can be 
directlj' compared. 

Plasma hemoglobin, proteins, fibrinogen, and platelets were monitored dur¬ 
ing the tests. The results obtained from electrophoretic protein determinations 
were so equivocal as to exclude them from presentation. Likewise, the heparin 
effect rendered platelet and fibrinogen determinations so inaccurate that they 
had no comparative validity in our study. 

We relied, therefore, on plasma hemoglobin determinations as our most 
acourate criterion of blood damage. The determinations of plasma hemoglobin 
wore done speotrophotometrically usuig the Beckman DU spectrophotometer witlt 
readings at 540 and 570 lUfi, the results being averaged. 

The folloiving studies were accompli.shed: (a) pulse wave and pressure re¬ 
cordings wore taken proximal and distal to each ventricle and also within the 
UPI pump ventricle, (b) load sensitivity determinations, and (e) hemolysis with 
both open lines and irith constriction. Our basic pump principles were then re¬ 
evaluated and a clinical pump designed and fabricated. 

RESULTS 

Pressure Characteristics .—jMany combinations of flow rate and cannula size 
were tested; however, data are presented herein only for combinations that are 
representative of most common conditions under which pmnps would be operat¬ 
ing.’" 

A comparison of pressure wave forms of all three pumps at a flow rate of 
3,000 c.e. per mmute, pumping through a 0.25 inch constriction, is presented in 
Fig. 2. Pressures were obtained from each pump distal and proximal to the 
ventricles; in addition, it was possible to obtain ventricle pressures in the UPI 
pump. 

Pc Bakey; The peak pressure range was -r50 mm. Hg to -75 mm. Hg at 
48 pulse rate. The inlet line wave form was sinusoidal and damped over the 
duration of the cycle with a negative mean pressure. The outlet line wave form 
was a very shallow sine wave superimposed on the mean positive pressure. Dur¬ 
ing only a small part of the cycle is the outflow pressure loss than zero which 
indicates that this pump is, in a sense, the least pulsatile of the three studied. 

•Designed and kindly furnished for tests by Peter F, SaIlsbu^^iI.D. 
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Sigmamotor: The pressure range Avas +170 nuu. Hg to -160 mm. Hg at 125 
pulse rate. The inlet wave form was a single sine Avave Avith the positive pres¬ 
sure shape distorted due to the action of the finger cams. The outlet Avave form 
Avas a single sine Avave Avith the entire Avave distorted by a Ixigher frequency 
smaller amplitude Avave also produced by the action of the finger cams. 


UPI HYDRAULIC PUMP 



SIGMAMOTOR PUMP 


ROLLER PUMP 




INLET LINE 


INLET LINE 


INLET LINE 




—Comparative ventricle pressure wave forms for single cycles at 3,000 c.c./min. flow 
with outlet line constricted to 0.250 inches in diameter. 
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Tito {/PI pump ventricle pressures at 3,000 c.c. per mimife, piuiipiiig 
against a 0.25 ineli restriction at pulse rates of 60, 80, and 100 per minute arc 
given in Fig. 3. It was found that as the pulse rate increased tliere was a 
parallel inercaso in intraventricular pressure. In considering two identical 
total volume flows per unit time, each with a different pulse rate, the higher 
pulse ease requires higher fluid accelerations and, thevoEore, results in higher 
peak pressures. This effect is clearly shown in Pig. 3. 

Load Sensitivity and Pressure Response to Load .—When all three pumps 
were set just occlusive, there was little difference in drop of minute volume 
ovitput under constrietion. The UP! pump showed the greatest load .sensitivity 
of the three pumps tested but the nia.vimum drop in flow for a inch catiuula 
at 3,000 e.c. per minute was kss than 3 per cent (Table I). 



CANNULA DIAMETER (mm) 

Flff. pump ventricle pressure vs. cannula size at 3,000 c.c./min. flow rale and 100 

cycles per minute pulse rate. 


Taiile T. I,oau Sensitivity Comparison for Various Type Pumps* 
(PER CENT DROP IN FLOW AT 3,000 C.C./UIN.) 


RESTRICTION 
(cANNUImI T.P.) 

niHH 

1 .SWMAMoTOR PUMP j 
1 (% DROP IN FLOW) 

ROrJ^ER PUitP 
(% DROP IN FLOW) 

None 


0.00 

0.00 

i inch 

1.50 

1.00 

0.50 


2.90 

1.60 

0.75 

i inch* 

G.60 

2.45 

2.00 

Pulse rate 

100 

126 

43 


Jlow rates of 1,000 c.c./mln. with a % Inch cannula and at flow 
rates pf 3,000 c.c./mm. with a H Inch cannula, all pumps beJne occlusive, there was no ap¬ 
preciable drop m the flow rates from pre-set levels. 

*NOT£^.‘ The work of Reference 3 Indlcatea that for flows of 3,000 c.c. per minute can¬ 
nulas should be no less than ^ Inch internal diameter. 


Since the UPI pmnp ejects fluid during only one half of each piunping 
cycle, its pumping characteristics are more sharply pulsatile than either the 
De Bakey or the Sigmamotor pumps. A family of curves were studied (Pig. 
4 being representative) of intraventricular pi'cssures produced while pumping 
through cannulas of gradually decreasing inside diameter at constant minute 
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Swiiainotor: The pressure range was +1T0 mm. Hg to -160 mm. Hg at 125 
pulse rate. Tlie inlet wave form was a single sine wave with the positive pres¬ 
sure shape distorted due to the action of the finger cams. The outlet wave form 
was a single sine wave with the entire wave distorted by a higher frequency 
smaller amplitude wave also produced by the action of the finger cams. 


U.P.I. HYDRAULIC PUMP SI6MAMOTOR PUMP ROLLER PUMP 



Fig. 2.—Comparative ventricle pressure wave forms for single cycles at 3,000 c.c./min. flow 
with outlet line constricted to 0.250 inches in diameter. 


100 CYCLES/MINUTE 80 CYCLES/MINUTE 60 CYCLES/miNUTE 



Fig. 3.—Comparative wave forms of the UPI pump for single cycles at 3,000 c.c./m^. 
at pulse rates of 60, 80, and 100 cycles per minute. Note that the slower the pulse rate the 
lower Is the intraventricular pressure. 

TJPI: There was a pressure range of +250 mm. Hg to -210 mm. Hg at 100 
pulse rate. The inlet and outlet line wave forms Avere essentially similar. The 
pressure wave distortion could have been due to the elastic characteristics of the 
Tygon tubing which tvas free to absorb and release energy in the venti’icle. 
Under the test conditions this pump developed the highest measured pressures. 
Since the ventricle fills during one half the cycle and pumps during the other 
half, a higher pressure is required than in either of the other two pumps at near 
the maximum pulse rate. However, the most adverse pump system pressures 
encountered Avere Avithin the upper limits of the physiologic range. 
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Tlie UPI pump ventucle picbsiucs ut 3,000 ce pei minute, pumping 
ogainst a 0 25 inch icstiietioii at pulse lates of GO, 80, and 100 pei minute aic 
gi\en m Fig 3 It was Cound that as the pulse late incieased tlieie was a 
paiallel inciease in intia\entiiculai picssuie In considcimg two identical 
total volume flows pn unit time, each with a diffeient pulse late, the liighoi 
pulse case lequircs liigliei fluid ncLtlciatiuiis and, theiefoie, lesults in higlioi 
pe.i!i. piessuies This effect is ekaily shown in Pig J 

Load Sonsitwxty and Ptcsiurc ltcspou.be to Loud —When all three pumps 
weie set just occlusive, tlicie was little diffeienee m diop of iiiiiiuto loliime 
output iindei constriction The UPI pump showed tlio gieatest loid sensitivity 
of the thice pumps tested but the mavimum diop in flow foi a '/i^ inch cannula 
at 3,000 cc pel minute was less than 3 pei cent (Table I) 



CANNULA DIAMETER (mm) 

-UPI pump \entrjcle prosaurp vs cannula size st 3 000 cc/niJn Uow rate and 100 
cycles per minute pulse r'lto 


TtBIL I Lo\p SiNSmvITY Compahisov for VvRious Tyfl Pumis* 
(lER CENT DIvOP IN FlOW AT 3,000 C C /MIN ) 


RESTRICTION 
(CANNULV IP ) 


None 
i inch 
ViQ inch 
i inch* 
Pulso r'lte 


Un PUMP (IIYDRAUIIC) 

(% vnoi IN irow) 


SKJM \.iIOTOR I UMl 
(% DROI IN iLOW) 


0 00 
150 
2 90 
6 00 
100 


0 00 
1 00 

1 CO 

2 45 
126 


ROLLER PUMP 
(% PROP JN FLOW) 
0 00 
0 50 
0 75 
2 00 
4S 


rates'^? snnn Oow rates of 1 000 cc/mln with a % inch cannula and at Row 

Iireclablodrnn ? ^ ’/* inch cannula, all pumps being occlusive there was no ap 

iiiciame drop in the now rates from pre set levels 

nulaa ^ The work of Reference 2 Indicates that for nows of 3 000 cc per minute can 

■uwa Should be no less than % Inch Internal diameter 


Since the UPI piunp ejects fluid duiiiig only one half ot each pumping 
cycle. Its pumping oliaiacteiisties are moie sharply pulsatile than eitlier the 
De Bakey oi the Sigmamotoi pumps A family of cuives weie studied (Pig 
4 being representative) of mtiaventiicular pressures produced while pumping 
thiough cannulas of giadually decreasing inside diametei at eoiistaiit minute 




600 


BRECKLER, PORTNOFE, BITTERLY 


J. Thoracic and 
Cardiovas. Surg. 


volimie. This characteristic might suggest the use of a simple pressure surge 
chamber to reduce peak pressures for extra high flow rates and small diameter 
eaniudas. 

The safe lower limits of cannula size wez-e taken from the work of Clowes 
and his associates^’- in which it was shown that the upper limits of safe flow 
were: 3 mm. cannula, 650 c.c. per minute; 5 mm. cannula, 1,800 c.c. per minute; 
and 8 mm. cannula, 3,400 c.c. per minute. It was found that the intraventricular 
pressures of the XJPI pump did not exceed physiologic limits when examined 
under these conditions. 

The flow rates in the De Bakey and Sigmamotor pump arc primarily de¬ 
pendent on pulse rate. In the ease of the De Bakey pump, pulse rates approach 
a normal value for high flow rates and are cpiite low for smaller minute volumes. 



Fig. 5.—Illustrates the combinations of flow rates and stroke adjustment that are available 

with the UPI pump. 


On the other hand, the Sigmamotor pump develops a pulse that is very rapid at 
high flow rates. Between 0 and 3,000 c.c. per minute, the UPI pump is capable 
of functioning at any selected pulse rate between 50 to 120 cycles per minute 
(Fig. 5). The pulse ranges as a function of volume flow rate for all three 
pumps can be seen in Table II which clearly indicates the versatility of pulse 
rate for the UPI pump. 


Table II. Pulse-Elow Chaeacteristics for Various Type Pumps 




pulse 

range at flow 

RATE OF 


TYPE OF PUaiP 

1,000 

C.C./MIN. 1 

3,000 C.C./MIN. 

1 4,500 

C.C./MIN. 

De Bakey 

Sigmamotor 

DPI (hydraulic) 

19 

20 

45 

to 120 

48 

125 

50 to 120 

75 

74 

180 

to 120 
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Ilemohjsti —All tluee pumps weic tested \indci two conditions (n) at 
lloM latcs ot 3,000 co pei minute with no line consliiction and ivith a simple 
plastic lesoiioii m the ciioiiit (the total system volume eiioulated was 800 c c ), 
(b) at flow lates of 2,100 c e pei imimte with a 0 25 inch ID cannula lostiic 
tion in the line (the ciicuit included a dcbubbling clianiboi of stainless steel 
sponge and contained a total system volume ot 1,000 c e ) 

Although a flow late of 3,000 cc per minute could be achieved by the UPI 
pinup in a laiiety of wais, that is, with a single oi double ventiicle and at any 
pulse fioni 50 to 120 eielcs per minute, we chose conditions which would seem 
to be as unlaioiablc as possible Thciefoic, the UPI pump was tested with a 
single lentiiele and at the liighei pulse latcs 

The UPI hjdiauhc pump was coiisideiably less tiaumatic to blood than 
the othei two pumps tested Uiidei conditions ot no line constiietion, the UPI 
piiiii]) was twotold less tiaiimatie to blood than the Do Bakey and foiii and a 
half times less tiaumatic to blood than the Sigmamotoi pump IVhen a line 
constiietion was placed in the uieiiit, the difteience was e\eii inoio niaikcd 
The UPI pump was fouifold less tiaumatic than the Do Bakey and twenty scien 
times less tiaumatic than the Sigmamotoi pump (Table III) 


Tidle III Cn GUI iTiso Time 2 Hours* 



lUUlS DEU\FiiISQ 3,000 CC/MIS 

INTO siMHF ni^sravoii; (roxvL I 

1 S\STFM \oruMt SOO cc) 1 

1 PUMIS DEIUniNG 2,400 tC/MlN 
TUUOUril \ 1 IV COSSTIUCTION IMO 
DEnUBniISO CH\M«U C'lOTVI s\s 

TEM \OIUMD 1,000 CC ) 

Ot 

1 wo % 

TO! \I CM 

I i\id\ ot 

MG 7o 



lUMl* 

1 H I ^ IIUG 

tlVL HUG 

1 HI MCI \ Sib 

. >1 M IIHO 



UPI 

31 

0 248 

■■nTiTICMH 

14 

0 110 

0 043 

De Bal<cj 


0 490 

0133 

bO 

0 600 

0173 

Signnmotor 

141 

1 1 >2 

0 320 

3S4 

3 840 

1 33i 


InCe'c pC conipiratlvc hcinollsis between the UPI Do BakD> and Slsniamotop pumps 
horn 1 under Identical conditions Note tliat tbe UPI pump causes from 2 to 27 times less 
nemojysis than Ino other U\o putnps sUidlcd Index of Hemolysis = me free Hhs produced 
per 100 c c of flow 


To deteinune the effect of varying tbe pulse and flow latcs of the UPI 
pump, 800 CC of fleshly diawn dog blood was cn ciliated tlirougli a simple 
reseivoii toi a pciiod of 1 lioiu Studies wcie made at pulse lates of GO, 80, 
and 100 cycles per ininiite and at \ olumc flow s of 1,500, 3,000, and 4,500 c e 
pel minute Inspection of Table IV shows that tlieie was little oliango in the 


ruiLL IV 0\h Hoir CmcuiJiTme Tims— 800 co Circulausq Voiusil* 


t\peop ' 

PUMI 1 

now itvTr 

(r C /MIN ) ' 

TOT VI 
Flow 
(CC) 

I UISF RATfc. 

(c\Clrs/ 

1 MIV ) 

IIUC CONCI-N 
TRATIOV VtTFR 
1 UOUF <MG / 
100 C C ) 

TOT VL 1 RFr 
IIBC (MG ) 1 

INDIX ot 

lltMOIVSIS 
(Mr /lOO 
c c ot 

FLOW) 

UPI 

J,500 

900 XlO" 

SO 

13 

104 

OllG 

UPI 

s'ooo 

1 800 X 10 

60 

13 

104 

0 058 

UPI 

3^000 

1,800 X lo- 

80 

13 

104 

0 058 

UPI 

3,000 

1,800 X 10- 

100 

12 

96 

0 053 

UPI 

4500 

2,700 X 10 

SO 

IS 

144 

0 053 



1,800 X 10 

48 


200 

0111 



3 SOO X lO’’ 

120 

102 

816 

0 453 


. liemolim*’ or the UPI pump at a sampling of different pulse and 

flow ratcrwltii no line coniitnctlon HemoI>sis fa almost negligible 
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Index of Hemolysis under different conditions and, under all conditions tested, 
the UPI pump was less traumatic to the circulating blood than the other two 
pumps tuider similar conditions. 

Clinical Paimp .—On the basis of these laboratory studies a clinical pump 
was designed and fabricated (Fig. 6). 

This model consists of three parallel ventricles with p um ping strokes 120 
degi-ees out of phase with each other. Three Tygon tubes are held in place by 
an easily removable cover. The pumping and valving action is achieved by 
members acting against the Tygon tubing from the under side, compressing it 
against the cover. 



Fig-, s. —Clinical version of UPI pump with mechanical linkage, nonocclusive pressure 
plates, and occlusive guillotine pressure-valve bars mounted in a console with related ancillary 
equipment. 

The ventricles are compressed by mechanical pressure bars and as was 
pointed out earlier, there was no difference noted in performance between non- 
occlusive mechanical and hydraulic compression. The valving action is the 
same as described in the experimental model. 

A single direction clutch has been added to permit emergency hand crank¬ 
ing in the event of power failure. Small hand wheels control the length of the 
pressure plate travel against the ventricle; turning the wheel varies the flow 
per ventricle from zero to 4,000 c.e. per minute. The two main ventricles are 
controlled by a single wheel so that they may be connected in parallel for high 
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flow rates up to 8,000 c.c. per luinute. The other ventricle is controlled by the 
second hand wheel and may be used independently for either suction or coronary 
perfusion. Other basic controls consist of the usual electrical circuits and a 
pulse control adjustment for the variable speed drive. 

This design has, as an integral part of its construction, provision to tie 
servomechanisms into the various components which can make the piunping 
action automatic within the system or synchronous witli the patient's own 
cardiac output. This ancillary equipment, monitoring devices, and servomech¬ 
anisms will be the subject of another communication. 


CONCLUSIONS 

We found that extcnial compression without occlusion on a ventricle would 
appear to be tlie least traumatic method of piunping blood that we studied. 
Such a system requires valving at each end of the ventricle and the simplest 
arrangement with the least occluding surface is the pressure bar, guillotine 
valve. Wc have utilized mechanical linkages and control methods which makes 
the entire pump more reliable than cither hydraulic or electronic linkages and/or 
controls. 

This pumping mechanism is virtually fail-safe, trouble free, and is at least 
two to four times less traumatic to blood than other pumps studied. Pulse rate 
and stroke volume arc individually variable. The pump is so designed that it 
may he incorporated in combination with servomechanisms. 
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PHYSIOLOGIC P-WAVE CARDIAC STIMULATOR 


Sam E. Stephenson, Jr., M.D. (by invitation), IF, EL Edwards, M.D. (by 
invitation), P. C. Jolly, AI.D. (by invitation), and El. IF. Scott, Jr., Al.D., 
Nashville, Tenn. 

I N 1862, Walslie’- suggested the possibility of external control of the cardiac 
rate. This suggestion lay practically dormant until ZoU and co-workers,- 
in 1953, described the use of an artificial external cardiac pacemaker for treat¬ 
ment of the Stokes-Adams syndrome. 

Analysis of the fatalities following intraeardiae surgery, especially the 
repair of interventrieidar septal defects, utilizing extracorporeal circulation 
revealed that atrioventricular dissociation was one of the major problems lead¬ 
ing to death in the postoperative period. Detailed studies on the relation of 
the bundle of His to the septal defect yielded some helpful suggestions as to 
the placement of sutures to avoid the conduction system but did not negate the 
problem. 

Weirieh,^ working at the University of Minnesota, reported in 1957 the 
use of a timed external pacemaker functioning through a ventricular electrode 
to stimidate the heart through the critical postoperative period. Many others 
have utilized this method to treat postsurgical heart block. 

AVe have been interested in the same problems but have felt that a more 
physiologic control of ventricular rate would be desirable and thus cardiac out¬ 
put would adjust automatically to such variations as temperature elevation, 
ambulation, and exercise in the postoperative period. 

Feeling that the inherent mechanism to control cardiac rate in the intact 
individual would be difficult to improve on, we have constructed an instrument 
which utilizes the auricular p wave to trigger a ventricular stimulator and thus 
produce a sinus rhythm through an extracorporeal system substituting for the 
A-V node and bundle of His. 

DESCRIPTION OP THE APPARATUS 

The basic component of the artificial sj'^steni is a modification of a muscle 
potential amplifier originally developed by Montgomezy at this institution and 
designed to control an artificial ventilatory device.*’ “ This control unit is 

From the Departments of Surgery and Pediatrics, Vanderbilt University School of Medi¬ 
cine, Nashville, Tenn. 

Aided by a grant from The National Foundation. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif., April 21-23, 1959. 
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sensitive to imijulscs as low as 0.5 microvolt and contains satisfactory electronic 
filters to block extraneous impulses arising from external magnetic fields and 
artifacts. Tlie control unit amplifies the electrical potential of auricular con¬ 
traction picked up by an insulated wire lead sutured to the auricular myo¬ 
cardium. The amplifier processes these potentials to produce a control voltage 
corresponding in time with the p wave. 

In operation this control voltage is modified to trigger a monostablo multi¬ 
vibrator. The firat stage vibrator acts as a variable delay unit with an adjust¬ 
ment from 0 to 1 second. This variable allows adjustment of the delay to 
correspond to the normal conduction time of the bundle of His (0.18 second). 
The amplified p wave is also used to trigger the sweep of a monitor oscilloscope 
for either the action of the amplifier or the stimulator output. The output of 
the delay circuit is fed into another monostable multivibrator which is capable 
of producing a .square wave output of variable duration with a range of 0 to 1 
second. This duration adjustment is usually maintained at a little less than 
0.1 second which is the time normally required for stimulation of the ventricle. 



FIs. 1.—Block diagram of the p-wave cardiac stimulator showing areas of electrode Insertion. 

A variable output of from 0 to 150 volts is available on the unit and this can 
be controlled by selecting the minimal stimulus to which the ventricle will re¬ 
spond. (The standard Grass model S4E laboratory stimulator fiUs all the 
requirements set forth and functions smoothly as the stimulator component of 
the circuit.) A master oscillator is included as an emergency trigger source in 
case of difficulty arising with the auricular pickup or in case of complete 
asystole (Fig. 1). 

METHODS 

Unselected mongrel dogs of 6 to 16 Kg. in weight were prepared under 
aseptic conditions. A right thoracotomy was performed and the bundle of His 
was identified by passing an insulated needle through the right auricular wall 
into the septum. The conduction system was destroyed by an electrocoagulation 
technique (to be published). After satisfactory idioventricular rhythm was 
established, braided wire electrodes were attached by means of mattress sufpres 
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to the right auricle and near the apex of the ventricles. These wires were 
brought out of the chest cavity and the distal ends buried in the subeutaneous 
tissue. 

Measurements of the arterial pressure, pulse rate, venous pressure, and 
tracings of the electrocardiogram and electroencephalogram were made pre- 
and postoperatively and were repeated when periods of stimulation were carried 
out. Cardiac outputs using the indigo carmine dye technique were done on 
some animals pre-block, post-block, and post-stimulation. 

After a period of time elapsed to allow for healing from the operation, the 
leads were exposed under local anesthesia and p-wave stimulator attached. The 
animals could be stimulated for any length of time and, if desired, the loads 
put back in the subcutaneous tissue and the wound closed for later stimulation. 

Fifty-nine animals had an attempt at dcstimction of the bundle of His. 
Thirty-nine of these animals developed a complete and permanent block and 
were available for subsequent stimulation. 

RESULTS 

Utilizing the group of animals previously described, approximately -100 
hours of stimidation have been carried out. The duration of stimulation has 
varied on individual dogs from 30 minutes to 72 hours. Long-term stimulation 
has been possible with the production of a stable electrocardiogram and only 
minimal changes necessary in the settings of the stimulating mechanism. 

Table I shows the average changes in pulse rate, pei’ipheral arterial pres- 
sui'C, venous pressure, and cardiac output that occur prior to dostruetion of the 
bundle of His, after block and the development of an idioventricular rhythm, 
and during stimirlation of the ventricle by the p-wavo triggered stimulator. 


T.\i>i.e I 


1 

PICEOP. 

j POST-BLOCK 

1 STIMULATION 

Average pulse rate per minute 

126 

62 

126 

Average arterial pressure 

(mm./Hg) 

122/70 

108/60 

126/72 

Average venous pressure 

6 

12 

5 

Average cardiac output 

Index (1/M.2) 

2.25 

1.24 

2.23 


The marked decrease in pulse rate, average fall of 14 mm. Hg in systolic ar¬ 
terial pressure, 100 per cent increase in caval venous pressure, and 55 per cent 
reduction in cardiac output are obvious. During stimulation these values 
quickly revert to normal (± 5 per cent) (Pig. 2). 

IVe feel the decreased cardiac output and increased venous pressure to be 
the most deleterious effects of the idioventricular rhythm. Mowlem and Camp¬ 
bell^ have recently reported the acute changes ocem-ring with induced heart 
block but found that changes affecting the left heart (left atrial pressure and 
left ventricular end-diastolic pressure) rather quickly reverted to normal. 
This rapid return to normal does not hold true in a chronic situation with 
respect to venous pressure and cardiac output. Sixty per cent of our animals 
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Avhicli siTi'vived 3 months developed massive ascites and other evidence of right 
ventricular failure. These changes respond slowly to digitalis and paracentesis. 

In attempts to evaluate the advantages of the p-wave stimulator we have 
studied cardiac outputs that could be obtained using conventional timed stimu¬ 
lators acting through a ventricular electrode. The results of these tests are 
presented in Table II. It seems that %vith persistence and frequent measure- 


Table II* 



PRE-BLOCK INDEX 

1 

BLOCK INDEX | 

stiiiulation 

INDEX 

A. 

P-Wave Stimulator 

2.94 

1.47 

2.92 

B. 

Conventional 

Timed Stimulator 





Bate 

Voltage 





48 

8.2 



1.15 


90 

8.6 



2.74 


144 

8.6 



3.0 


152 

9.0 



3.47 


’Cardiac indices are stated in liters per square meter of body surface. 


ments of cardiac output that one might be able to arrive at a normal output 
with a mechanically timed stimulator. We were not, however, able to do this 
with any degree of accuracy. Ceidainly a return to essentially normal physio¬ 
logic measurements is more quickly and easily made with the auricle triggering 
the stimulator. 

DISCUSSION 

This is a preliminaiy report on one of the approaches to extracardiae stim¬ 
ulation. We know of no otlier such unit available. Folkman and Watkins® have 
reported the use of a transistor unit to amplify the aui’icidar p wave and use 
this to trigger the ventricle but this has certain disadvantages. Among these 
objections are the poor electrical characteristics of the p wave for stimulation, 
lack of a delay circuit (p-r interval), and long duration of the stimidus. 

The unit described herein has proved to be simple to use and takes ad¬ 
vantage, except for the muscle potential amplifier, of commercially available 
cii’cuits. As the unit now stands it is bulky and not very mobile. These dis¬ 
advantages can be obviated, however, by transistorizing the circuits and work 
along tliis line is progressing. 

One problem which still must be answered is the duration of time one can 
stimulate through a single set of implanted electrodes. At the present time, 
6 to 8 weeks of constant stimulation will cause enough fibrosis to prevent ade¬ 
quate stimulation. This pei’iod can be lengthened by intermittent stimulation. 
The solution to this problem must be reached, however, since, with direct elec¬ 
trodes, shocks in the range of 4 to 12 volts for stimulation are well tolerated 
by the heart and the remainder of the organism for long periods of time. If 
one relies on external cardiac pacemaking through the intact chest, voltages 
may go as high as 180 volts (Zoll, unpublished). Electric shock in this range 
is not only very uncomfortable for the patient but the individual also suffeis 
the effects of a tonic seizure with each ventricular contraction. 
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SUMAI \.RY 

1 A p-wave tnggeied, veutiicul«u, eNtiacauhac stimiilatoi has been de 
sciibed ■\\lucli experimentally pioduces physiologic hemodynamic changes 

2 This Hint has been evaluated on a large gioup of expenineutal animals 
and has pioved safe and effective 

3 The decreased caidiac output and the elevated venous piessuic appeal 
to be the most impoitant functions to consider in tieating tempoiaiy oi peima 
nent heait block 

4 Some of tlie difficulties associated with cxtiacaidiac VLiitiiculai stimii 
lation are discussed 
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"TRANQUILIZATION” OF THE HEART WITH 
THE ATARACTIC DRUGS 

Russell M. Nelson, AID., Ph.D., Salt Lake City, Utah 


C ardiac arrhythmias eoiitiiuie to pose a hazard to patients subjected to cardiac 
surgery. The incidence has been lowered by an understanding of the im¬ 
portance of maintaining normal physiologic conditions, and yet there are many 
instances in which the pathologic anatomy to be corrected has set the stage for 
possible cardiac irregularities. Quinidine and Pronestyl, drugs widely used for 
the medical control of arrhythmias, have side effects which make their use 
undesirable before or during surgeiy. "With the obseiwation in our laboratoiy 
that certain antihistaminic and ataractic (tranquilizer) drugs apparently exert 
a stabilizing or “tranquilizing” effect on the heart,^ and in view of reports in 
the literature suggesting clinical usefulness of certain ataractic dnigs in cardiac 
arrhj'thmias,-’ * this study Avas begoin to see if the ataractic drugs could con- 
A’’ert ventricular fibinllation into a normal sinus rhythm. Subsequently, ques¬ 
tions Avere raised regarding the possible effects of these drugs on the normally 
beating heai*t, and if any protection might be afforded against the occurrence 
of A'entricular fibrillation. 

The study and the results reported here are regarded as preliminaiy ob¬ 
servations of Avork in progress. Nonetheless, these findings appear to be of such 
interest that an initial report seems Avarranted. 

AIETHOD 

An isolated canine heart, biologically supported by a donor dog, Avas 
utilized as the preparation for study. The isolated heart Avas procured from a 
dog via a right thoracotomy under pentobarbital anesthesia. The heart Avas 
arrested by injecting 20 ml. potassium citrate (2.5 per cent) uito the coronary 
arterial circulation after the dog had been heparinized (3 mg. per kilogram). 
After removal of the heart, the proximal end of the transected thoracic aorta 
Avas cannulated to permit retrograde perfusion of the coronary aiffeifies. The 
brachiocephalic artery Avas cannulated to monitor the perfusion pressure and 
other aortic branches Avere ligated. Electrocardiographic tracings Avere recorded 

Department of Surgery, University of Utah, and the Surgical Research Laboratory, Latter- 
Day Saints Hospital, Salt Lake City, Utah. 
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from surface olectroclcs, and the temperature was determined by a thermistor 
probe immersed in the blood after it had been ejected from tlio isolated heart 
into a receiving funnel. 

The temperature was maintained at 85° to 98° F. by heat from infrared 
lamps adjacent to the isolated heai’t, and with a heating pad under the support¬ 
ing dog. 

Blood was delivered from the femoral artery of the supporting dog to the 
isolated heart via tubing placed through an occlusive Sigmaniotor pump. Flow 
rates were then governed by adjusting the pump so that the pressure in the 
isolated heart preparation was within normal limits. Blood wu.s then coUeeted 



Fiff. Z ' ’ oC the biologically 3uppoited isolated heart prepara¬ 
tion. Arte.. ■ : ‘ . • loe is pumped, In retrogrrade fashion, into the thora^- 

clc aorta. .■ , art. blood Is collected and returned to the dog via 

the femori-l ■ . ■ ' . t of the Isolated heart electrocardiogram, pressure, 

and temperature, In addition to the pressure of the supporting dog, are depicted. Drugs to be 
assessed are added from a reservoir Into the arterial lino by another occlusive pump. 


and returned to the femoral vein by gravity. Respirations of the supporting 
dog were maintained wth oxygen administered by intermittent positive pressure 
via an endotracheal tube. Arterial pressure was continually monitored on an 
oseiUoscope. 

Drugs to be tested were added to the arterial limb of the cirouit just 
proximal to the isolated heart by means of a second ooelusive Sigmamotor 
pump, adjusted to deliver 100 to 125 ml. per minute. 

Spontaneous cardiac activity in the isolated heart was usually established 
within an hour of elective cardiac arrest. The type of cardiac rhythm was con¬ 
trolled by means of eleetric shocks. If normal sinus rhythm was desired, one 
shock of 90 volts was used; if ventricular fibrillation was desired, repeated shocks 





"TRANQUILIZATION” OF THE HEART WITH 
THE ATARACTIC DRUGS 

Russell AL Nelson, M.D., Ph.D., Salt Lake City, Utah 


C ARDLic arrhythmias continue to pose a hazard to patients subjected to cardiac 
surgery. The incidence has been lowered by an understanding of the im- 
poi-tanee of maintaining normal physiologic conditions, and jmt there are many 
instances in which the pathologic anatomy to be corrected has set the stage for 
possible cardiac irregularities. Quinidine and Pronestyl, drugs widely used for 
the medical control of aiThythmias, have side effects which make their use 
undesirable before or during surgery. With the obsei’vation in our laboratory 
that certain antihistarainic and ataractic (tranquilizer) drugs apparently exert 
a stabilizing or "tranquilizing” effect on the heart,^ and in view of reports in 
tlie literature suggesting clinical usefulness of certain ataractic drugs in cardiac 
arrlij-thmias,-’ * this study was begun to see if the ataractic drugs could con¬ 
vert ventricular fibiillatioir into a normal sinus rhythm. Subsequently, ques¬ 
tions were raised regarding the possible effects of these drugs on the normally 
beating heart, and if any protection might be afforded against the occurrence 
of ventricular fibrillation. 

The study and the results reported here are regarded as preliminary ob¬ 
servations of Avork in progress. Nonetheless, these findings appear to be of such 
interest that an initial report seems warranted. 

METHOD 

An isolated canine heart, biologically suppoi’ted by a donor dog, rvas 
utilized as the preparatioir for studj^ The isolated heard was procured from a 
dog via a right thoracotomy rrrrder pentobarbital anesthesia. The heart rvas 
arrested by injecting 20 rnl. potassium citrate (2.5 per cent) irrto the coronary 
arterial circulation after the dog had beerr heparinized (3 mg. per kilogram). 
After removal of the heard, the proximal end of the transected thoracic aorta 
was carrnulated to permit retrograde perfusion of the coronary arderies. The 
brachiocephalic artery rvas eanrrulated to monitor the perfusiorr pressure and 
other aortic brarrches rvere ligated. Electrocardiographic tracings were recorded 
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T\BLB I. iVUSIISISTRATION 01’ ATAnACTIO DRDOS TO ISOLATED HEARTS IN VENTRICULAR 

Fibrillation 



1 1 

CONVERSION 1 
[vF* TO NSRi 

LOSAGE REQUIRED ! 

(mg./min.) ! 

1 DOG WEtGUTS (LB.) ' 

SUBSEQUENT 
PROTECTION 
VS. V.F.* 

SUPPORTING 

DOG 

KEART 1 

DOG i 

Atarax 


33 

3 

38 

31 

+ 


+ 

750 

80 

75 

38 

-t- 


+ 

G5 

27 

43 

21 



+ 

15 
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40 

20 



0 

550 

89 

43 

31 



+ 

100 

18 

38 

36 

+ 


0 

250 

25 

38 

32 



0 

300 

GO 

40 

23 



+ 

50 

7 

50 

20 



+ 

115 

14 

52 

27 
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14 

45 

20 
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3 
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24 
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+ 

15 

o 

63 

14 
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+ 

25 

5 
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- 

- 

+ 

Compazine 
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•45 
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32 

24 
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35 
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0 
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56 

53 

33 
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3 

53 

24 
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+ 
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23 

33 

26 
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05 

32 

49 

26 


SorposU 

+ 
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56 
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0 
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+ 
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35 

30 

25 
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Stelazine 

+ 

40 

3 

40 
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+ 

25 
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30 

+ 
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28 

+ 


+ 

33 

1 

46 
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25 
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39 
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30 
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31 


Thorazine 
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85 
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31 

47 

27 

0 
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5 

38 

31 



+ 

G5 

47 

31 

29 
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90 

26 

39 

26 
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4- 

300 

45 

38 

29 
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+ 

25 

3 

58 

30 

0 

Quinidine 

+ 

53 

1 

42 

27 

+ 


+ 

28 

1 

07 

34 

+ 


+ 

50 

2 

42 

32 

0 


+ 

110 

31 

47 

31 
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= Ventricular fibrillation. 
tNSR ^ Normal sinus rhythm. 


from one rhytlim to the other. No apparent correlation was noted between tlio 
type of conversion and the other measured variables. Control perfusions of 
saline before and after the experimental drugs did not alter the pattern of 
fibrillation. Representative eleetrocardiogvaphie tracings showing these results 
are portrayed in Pig. 2. 

2. Effects of Drugs on the Heart in Normal Sinus Rhythm .— 

The ataractic drugs and quinidine, under conditions of this experiment, 
produced bradycardia; and in the example illustrated, Stelazine (50 mg.) 
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of 3 volts were used. Duration of the shock was 0.1 second. Once reproducible 
responses were achieved, ventricular fibrillation was induced and the prepara¬ 
tion was ready for study. 

Five hundred milliliters of normal saline was first administered over a 
period of 4 to 5 minutes as a control. Then, by means of shocks of voltages as 
described, the heart was put into a normal sinus rhythm, then to ventricular 
fibrillation, repeating several times, again to ensure validity of the preparation. 
Ventricular fibrillation was then again induced. The drug to be tested was then 
added. For the ataractic drugs, the initial concentration was 50 mg. in 500 ml. 
saline (or the equivalent), or multiples thereof in case more drug Avas required. 
“With quinidine, 80 mg. or multiples thereof Avere used. If the heart Avas still 
in fibrillation at the end of this infusion, additional mixtures AA'ere prepared 
and administered. When conversion fi*om ventricular fibrillation to normal 
sinus rhythm had taken place, the volume given and the time for administration 
Avere noted. 

Drag-induced protection against ventricular fibrillation Avas presumed to be 
present if the same stimuli, Avhieh repeatedly caused fibrillation previously, 
failed to do so after administration of a drug. 

This report eonceras forty-tAA'o experiments Avhich Avere performed after 
the techniques and protocol Avere standardized. The folloAving drugs have been 
studied: hydroxyzine (Atarax*) in 15 experiments, prochlorperazine (Com- 
pazinet) in 4, promethazine (Phenergan) in 2, reserpine (Serpasil) in 1, 
promazine (Sparine) in 1, trifluoperazine (Stelazinef) in 8, chlorpromazine 
(Thorazinet) in 2, pei’phenazine (Trilafont) in 5, and, for comparison, quini¬ 
dine. (For the sake of simplicity the proprietary names of these agents are 
used rather than the generic names.) 

RESULTS 

1. Effects of Drugs on the Heart in Ventricular Fibrillation .— 

Each of the ataractic drugs used proved to be capable of convei’ting the 
heari in ventricular fibrillation to a normal sinus rhythm. Of the 38 hearts so 
tested, 33 Avere thus converted and 5 AA'ere not. The dosage required varied 
Avidely and did not correlate Avith any of the measured A^ariables. In the re¬ 
maining 4 dogs, quinidine similarly Avas effective in restoring a regular beat 
to the fibrillating heart and Avith a time-dosage range comparable to that of 
certain ataractic drugs. 

The results are tabulated in Table I. 

Tavo distinct types of electrocardiographic patterns Avere observed during 
the eonvei’sions. In some instances, the amplitude of the ventricular fibrillation 
became progressively loAA^er until a state of asystole ensued. From asystole, 
recovery to normal sinus rhythm regularly folloAved. In other instances, the 
inteiTuediary stage of asystole Avas not observed, there being a direct conversion 

‘IClndly supplied by J. B. Roerig & Company, New York, N. Y. 

tKindly supplied by Smith, Kline & French Laboratories, Philadelphia, Pa. 

JKlndly supplied by Schering Corporation, Bloomfield, N. J. 
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j)roduce(l asystole at ttie end of a 3-ininute infusion. Subsequent recovexy with 
a nonual elcoti'ocardiogram is siiown after cassation of tlie drug in Pig. 3. 

3. Sxthscqucnt Protection Against Hie Artificially Induced Ventricular 
Fibrillation .— 

Tliis was deinonstrated in 17 of 26 instances in the tranquilizer grouixs, and 
in 2 of 4 trials in tlie quinidine group. Tliis was not ob.servcd in 70 trial.s in tlic 
control group. 


Control 
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Tronquiliier (Stelazine dOmQ.-SOinin.Drev/ously) 
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I"" — T 

— 
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Plff. —Drug-lnducoil pjotectlon vs. low-voUapc shock ventricular flbrHIation. The first 
line shows tho electrocardiographic traclnff of a heart In normal sinus rhythm subjected to 
3 volt shocks and the resulting" pattern of ventricular fibrillation. Spontaneous reversal to 
normal sinus rhythm docs not occur In several hours of follow-up. 

The center tracing shows the residual protective effect of quinidine with “spontaneous” 
reversal to a normal rhythm within a minute of the low-voltagc shocks. 

third tracing shows a .similar protection afforded by Stelasinc, which had been given 
JO minutes prior to the administration of the low-voltage shock. Note the rapid return to a 
normal sinus rhythm. 


Tadle II. Subsequent Pkotection Against Ventiucuear Fibrilea-tion 



trials 

1 APl'AHENT PROTECTION i 

NO APJ'ARENT 
PROTECTION 

Saliao 

76 

0 

76 

Ataractic drugs 

26 

17 

9 

Quinidine 

4 

2 

o 


The dui'ation of this protection was vailable but, on the average, lasted 
about 30 to 45 minutes. These results are included in the last column of Table 
I. Illustrations of representative electrocardiographic tracings are reproduced 
in Fig. 4. 

DISCUSSION 

As indicated in earlier remarks, this represents a preliininaiy report of 
e.xploratoiy work ourrcntly in progress. There is mucii more to assess before 
tho po.ssible application of this infoi-mation is-indicated. Nevertheless, with the 
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Fig' 2.—Ventricular Fibrillation Illustrative electrocardiographic tracings are repro¬ 
duced here to show the direct conversion to a normal sinus rhythm 3 minutes after the ad¬ 
ministration of qmnidine or Stelazine The third line shows the intermediary state of cardiac 
asystole Typical saline control tracing is shown for comparison Time lines are at 1-second 
intervals Paper speed in recorder is 25 mm. per second The interrupted heavy line denotes 
time of continuous drug administration 
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1 Sec 

Fig. 3 —Normal Sinus Rhythm This figure illustrates the bradycardia that is ^sociated 
with the administration of qumidine or a tranquilizer to the heart in normal sinus niytnro 
In the second instance, cardiac asystole resulted with return of normal electrocardiogram aiiei 
cessation of the drug 
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produced asystole at the end of a 3-nimute infusion. Sub-sequent recovery with 
a normal electroeardiogi'ani is shoAvn after cessation of tlie drug in Pig. 3. 

3. Subsequent Protection Against the Artificially Induced Ventricular 
Fibrillation .— 

This was demonstrated in 17 of 26 instances in the tranquilizer groups, and 
in 2 of I trials in the quinidine group. This was not observed in 76 trials in the 
control group. 
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Fig:, i. —Drug-Induced protection vs. low-voltnge shock ventricular fibrillation. The first 
fine shows the electrocardiographic tracing of a heart In normal sinus rhytlim subjected to 
3 volt shoclcs and the resulting pattern of ventricular fibrillation. Spontaneous reversal to 
normal sinus rhytlini does not occur in several hours of follow-up. 

The center tracing shows the residual protective effect of qulnldlne with “spontaneous*' 
reversal to a normal niythm within a minute of the low-voltage shocks, 
un third tracing shows a similar protection afforded by Stelaaine, which had been given 

iU minutes prior to the administration of the low-voltage shoclc Note the rapid return to a 
normal sinus rhythm. 


Table II. Subsequent Protection Against Ventricular Fibrillation 


1 

TRIALS 

1 ATl'ARENT TROTECTION ] 

NO APPARENT 
PROTECTION 

Saline 

76 

0 

76 

Ataractic drugs 

26 

17 

9 

Quinidine 

4 

o 

2 


The duration of this protection was variable but, on the average, lasted 
about 30 to 45 minutes. These results are included in the last column of Table 
I. Illustrations of representative electrocardiographic tracings ai-e reproduced 
in Pig. 4. 

DISCUSSION 

As indicated in earlier remarks, this represents a prelimiiiaiy report of 
exploratory work currently in progress. There is much more to assess before 
the possible application of this information is-indicated. Nevertheless, with the 








614 NELSON J. ■IT,o„cic and 

CardJovas. Surg, 



Tranquilizer (Ste/azine 50mg.) (direct conversion) 


IMMUI# 


4^ 



3 min. 


(via asystole) 


Star! 

! min. 

2 min. 

3min. 

6 min. 

7min. 

ITmin. 

25min. 


m 

■■■ 

■■I 





■ 

M 



■ 

■ 


(Stelaztne 50mg.) 


Control (Saline) 



Fig. 2.—Ventricular Fibrillation. Illustrative electrocardiographic tracings are repro¬ 
duced here to show the direct conversion to a normal sinus rhythm 3 minutes after the ad¬ 
ministration of quinidine or Stelazine. The third line shows tlie intermediary state of cardiac 
asystole. Typical saline control tracing is shown for comparison. Time lines are at 1-second 
intervals. Paper speed in recorder is 25 mm. per second. The interrupted heavy line denotes 
time of continuous drug administration. 
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Fig. 3.—Normal Sinus Rhythm. This figure illustrates the bradycardia that is associated 
with the administration of quinidine or a tranquilizer to the heart in normal sinus Mytnn. 
In the second instance, cardiac asystole resulted with return of normal electrocaraiogram aner 
cessation of the drug. 
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widespread rise of the ataractic or tranquilizer drugs, and with the aijparent low 
incidence of side effects or complications, the possible clinical usefulness of these 
agents in preparing a patient for cardiac sui'gex'y immediately becomes apparent. 
A case in ixoint is that of V. B. L., aged 10, a patient xvith a large ventricular 
septal defect and pulmonary hypertension (PA pressure 90/40). On each 
physical examination in the period of preoperative evaluation, the rhythm of 
his heart was characterized by frequent premature ventricular contractions. 
Because this had been noted without exception by several examinei’s over a 
period of 3 months, and a tracing again eonfii*med frequent ventricular extra¬ 
systoles, he was given a small dose of an oral tranquilizer and a I’epeat electro¬ 
cardiogram was taken 24 hours after the previous one. No irregularities were 
observed on the oscilloscope in 1 hour of observation. The electrocardiograms 
are reproduced in Pig. 5. This patient subsequently underwent open heart 


V.B.L. Age 10 (pre-op tracing) 12-22-58 



V.B.L. 12-23-58 



Figr. 5.—Ventricular Septal Defect With Pulmonary Hypertension. Note the disappearance of 
the frequent premature ventricular contractions after small closes of a tranquilizer agent. 

surgery for repair of the ventricular septal defect and has made an imeventful 
recovery. Other clinical experience is similarly suggestive of beneficial effects, 
but lack of precise controls makes interpretation and evaluation difficult. 

It is interesting to postulate that the hypotension which occasionally follows 
the use of these di’ugs may, in some cases, be due to a direct cardiac effect. 

CONCLUSIONS 

1. Under conditions of these experiments, employing the biologically sup¬ 
ported isolated canine heart preparation, infusion of an ataractic drug into the 
coronary circulation is capable of converting ventricular fibrillation into a noi- 

mal sinus rhythm. , . 

2. In the majority of instances, residual protection follows the administia- 
tion of an atai’actic drug against the artificial production of ventricular fibi il¬ 
lation by repeated low-voltage shocks. 

3. These drugs are quite similai* to quinidine in the direct effect on tie 
rhythm of the canine heart. 
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This has allowed us to determine the serum potassium level which must be 
reached within a certain time in order to produce these phenomena. 

Having established the fihrillating and arrest doses of potassium, we have 
then investigated the ionic changes which result from various factors operating 
singly or in combination during surgical procedures. These include: anoxia, 
stress, hemorrhage, hyperoarbia, and drugs. 

METHODS 

Healthy, normal dogs under Nembutal anesthesia have been used for the 
studies. Following intubation with a cuffed endotracheal tube, all animals have 
been heparinized with 1 mg. per kilogram to prevent clotting during collection 
of nrultiple blood specimens. Femoral artery pressure was measured directly 
otr a Sanborir Twin-Viso Recorder by means of a pressure transducer. Lead II 
electrocardiograms were monitored eontirruously duriirg most of the procedrrres. 
Potassiunr chloride solution was prepared with'a conceirtration of 100 mg. per 
cubic centimeter and diluted with sterile water to the proper volume for injec¬ 
tion. All KCl and drugs were injected very rapidly through a No. 16 catheter 
in the opposite femoral vein. Blood samples were withdi’arvn with a large cali¬ 
ber needle from the carotid artery, or were bled off directly from this source. 

RESULTS IN THE VARIOUS SERIES 

Effect of Potassium Injection .— 

Sixty dogs were injected witih varying amounts of potassium chloride. 
These injections were given veiy rapidly, usually within 2 to 4 seconds. Blood 
specimens were taken every 10 seconds for determination of serum potassium 
levels. 

Fig. 1, B, sununarizes the results of this work. Nuiety per cent of the ani¬ 
mals wliich received 20 mg./Kg. went into ventilcular fibrillation. One dog did 
not show fibrillation. This amount apparently represents the “fibriUating 
dose” of potassimn. Less than this causes cither no fibrillation (10 mg./Kg.) 
or only a small incidence (15 mg./Kg.). At the 50 and GO mg./Kg. level, 40 
to 60 per cent of the animals showed ventricular fibrillation, and the rest went 
into cardiac arrest. Cardiac arrest resulted at the 70 mg./Kg. level, ivithout 
ventricular fibrillation in every case. 

Fig. 1, A, shows the mean serum potassium response of all dogs which re¬ 
ceived 15 mg./Kg. and 20 mg./Kg. All animals which had a potassium rise of 
200 per cent or more above their base level within 10 seconds following injection 
went into ventricular fibrillation. Dogs with peak potassium values of less than 
200 per cent ivithin 10 seconds recovered and did not fibrillate. 

Fig. 2 presents the data on the 15 mg./Kg. and 20 mg./Kg. series. These 
data substantiate the time-dose relationship between potassium and ventricular 
fibrillation. Here, again, the first injections which resulted in elevation of 
serum potassium level to 200 per cent or more above the base level caused ven¬ 
tricular fibrillation. The animals which did not fibrillate received a second 



THE MECHANISM OF VENTRICULAR FIBRILLATION 
AND CARDIAC ARREST DURING SURGERY 

Archer S. Gordon, M.D., Ph.D.'* (by invitation), and 
John C. Jones, M.D., Los Angeles, Calif. 

INTRODUCTION 

T he best approach, to the problem of ventrieular fibrillation and cardiac ar- 
I’est is prevention. This implies an understanding of the mechanisms under¬ 
lying their production, ilany factors have been incriminated as the basis for 
these phenomena. However, their proof reqidres a technique for producing ven¬ 
tricular fibrillation and cardiac arrest xmder controlled experimental conditions 
in which each factor or combinations of factors can be evaluated. 

In studies of the phenomena attending drowning in various species we have 
noted, as have others, that some animals succumb to ventricular fibrillation, 
whereas others die from cardiac arrest. Careful tests indicate that the former 
results from extreme ionic imbalances due px’imarily to rapid and explosive 
shifts in potassium. The cardiac arrests are almost exclusively the result of 
anoxia without serious ionic imbalances.’- 

It would appear that factors producing anoxia and ionic shifts might well 
be responsible for the occurrence of ventricular fibrillation and cardiac arrest 
during surgery. This study was undertaken to investigate this premise. 

EXPERIMENTAL DESIGN 

It is ImoAvn that rapid injections of various ions can produce ventrieular 
fibrillation.- We have seen this result from potassium, calcium, and magnesium, 
and are assured that it may happen with other substances. However, in hmnan 
and animal systems, the ordy ion which can be mobilized from its depots and 
translocated through the body rapidly enough and in large enough amounts to 
produce sudden severe cardiac arrhythmias and ventricular fibrillation is po¬ 
tassium.^’ ’ 

Therefore, we have used potassium chloride in graded doses to induce car¬ 
diac arrest and ventrieular fibrillation and study the time-dose relationship. 

Prom the Department of Surgery, University of Southern California Medical School, Los 
Amgeles, California. 

Supported by a grant from the Army Chemical Warfare Laboratories, Edgewood, Md. 
Head at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif., April 21-23, 1959. 

*Address: Department of Thoracic Surgery, Children’s Hospital, 4G14 Sunset Boulevard, 
Los Angeles 27, Calif. 
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Fig. 2 reveals an interesting observation in the 20 mg./Kg. series. When 
the potassium peak was 200 per cent but was reached in 20 seconds instead of 
10 seconds, ventricular fibrillation did not result. The time-doso-response rela¬ 
tionship here is such that a specific dose must be injected within a specific time 
and result in a specific potassium rise within a specific period. These studies 
indicate that to produce vetriculav fibrillation, 15 mg./Kg. must be injected 
intravenously within 2 to 4 seconds and cause a 200 per cent elevation in sennn 
potassium level above the base line within 10 sceond.s following injection. The 
animal cited in the 20 mg./Kg. series probably did not fibrifiate because the 
injection took longer than 4 seconds. We have noted several times that doses 
of KCl, whicli usually produced fibrillation when injected within 4 seconds, 
failed to do so when the injection took 5 or more seconds. Another observation 
to substantiate this is that amounts of potassium as lai’ge as 300 mg./Kg. in¬ 
jected over a period of 1 minute did not cause ventrioiilar fibrillation or cardiac 
arrest. 

In those dogs in which large doses of potassium produced arrest, the peak 
serum level showed a rise of between 600 and 1,000 per cent. All of the 70 
mg./Kg. animals showed such responses. However, in the 50 mg./Kg. and 60 
mg./Kg. series no specific relationship could be found between per cent elevation 
of serum potassium and incidence of ventricular fibrillation or cardiac arrest. 

Serum sodium levels showed no significant change in these animals. 

Effect of Anoxia .— 

Having established the serum potassium level and timing required to pro¬ 
duce ventricular fibrillation, wo next evaluated various factors which might be 
operative during surgery and which could reproduce these phenomena under 
clinically simulated conditions. These factors included anoxia,®' “ stress,^' ’ 
hemorrhage,®’ * hypercarbia,®'*® and drugs.*® 

Acute anoxia was pro<luccd in 9 dogs by tracheal clamping. They showed 
a mean potassium rise of 51 per cent within 5 minute. Ventricular fibrillation 
did not occur. They all progressed to bradycardia and ultimately to cardiac 
arrest. These results are summarized in Pig. 3. 

Chronic anoxia was studied in 7 dogs which rebreathed into a bag through 
a soda lime eannister to prevent carbon dioxide aoeuniulation. Within 10 
minutes their moan potassimn level had r-iseu to 53 per cent. One animal went 
into cardiac arrest at 8 minutes with a 16 per cent potassium rise. The others 
experienced bradycardia and cardiac arrest. One animal went from eai-diac 
arrest into ventricular fibrillation after 12 minutes of anoxia. This ventricular 
fibrillation represents a terminal cardiovascular phenomenon common to dying 
hearts rmther than the cause of death. 

These results indicate that “pure” anoxia results in cardiac arrest and is 
seldom, if ever, a cause of ventricular fibrillation. 

Effect of Epinephrine .— 

To simulate severe stress, intravenous epinephrine was administei’ed to 72 
dogs. The fli'st 11 animals were injected -with 0.05 mg./Kg. The serum potas¬ 
sium level began to rise significantly at 30 seconds and reached a peak of 88 
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injection of tlie same amount 30 minutes later. All animals witli potassium ele¬ 
vations of 200 per cent, resulting from the second injection, experienced ven¬ 
tricular fibrillation. 


Potassium Injection Series 
A. Mean Serum K’*’ Response In All Dogs 
Receiving I5mg KCI/Kg and 20mg KCI/Kg 



B. Res ponse of All Dogs To 


Polossium Ini eclion 


KCL DOSE 

No DOGS 

VEtfT FIB 

CARDIAC 

ARREST 

RECOVERS 

10 ma 

10 

0 

0 

100 % 

15 mq 

10 

30 % 

0 

70 % 

20 mo 

10 

90% 

0 

10 % 

40 mq 

4 

ICO % 

0 

0 

50 mq 

13 

60 % 

40 % 

0 

60 mq 

9 

45 % 

55 % 

0 

70 mo 

5 

0 

100 Vo 

6 


Fig. 1. 


Potassium Injection Series 

20mg KCI/Kg 15 mg KCI/Kg 



Fig. 2. 
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To detennine whether a series of stresses in close suceessiou might produce 
a cumulative response with respect to potassium elevation, a series of dogs re¬ 
ceived two injections of 0.05 mg./Kg. each, separated by intervals of 15, 30, or 
60 seconds. The results recorded in Table I indicate that these dogs had essen¬ 
tially the same response as the animals which received only a single injection. 


EPINEPHRINE SERIES 

K+ 

mEq/L 

e 

7 

6 

5 

4 

3 

ACUTE HEMORRHAGE SERIES 

(MEAN SERUM K* RESPONSE) 

K* 
mEq/L 
8 

7 

6 

S 

4 

3 

Fig. 3(7. 




12 3 4 5 

TIME IN MINUTES 


Flc. ZB. 


To determine tlie effect of stress produced at intervals of 10, 20, or 30 
minutes, 12 dogs in each of 3 series received two doses of either 0.05 mg./K!g. 
or 0.10 mg./Kg. at these time intervals. As indicated in Table I, all animals 
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per cent above the base level within 1 minute. No dog espeihenced ventricular 
fibrillation; the serum potassium level returned to normal in 4 to 5 minutes and 
all dogs recovered. 

To determine if this was a maximum response, twice as much epinephrine 
(0.10 mg./Kg.) was administered to another series of 11 dogs. These animals 
showed exactly the same response. Epinephrine produced no change in the 
serum sodium level in any of these animals. These results are detailed in Pig. 3. 


ANOXIA SERIES 

(MEAN SERUM K* RESPONSE) 



r/ME IN MINUTES 


Pig. 3J.. 


Table I. Intravenous Epinephrine Series 



NUMBER 

PEAK K+ RISE IN PER CENT* 

ADMINISTRATION | 

DOGS 

0.05 MG./KG. 1 0.10 MG./KG. 


A. Single Dose Series 

11 

88 


B. Summation Series 
(Two doses each) 

1. 15 seconds apart 

11 

G 

90 

93 

2. 30 seconds apart 

4 

84 


3. 60 seconds apart 

4 

105 


C. Sepeat Dose Series 
(Two doses each) 

1. 10 minutes apart 

1st dose 

12 

84 

86 

2nd dose 


80 

78 

2. 20 minutes apart 

1st dose 

12 

82 

84 

2nd dose 


73 

80 

3. 30 minutes apart 

1st dose 

12 

89 

84 

2nd dose 


83 

80 


jection, (2) the peak potassium level was attained In 60 to 90 seconds alter mjecuon, e. v 
B-2 (105 seconds) and B-3 (120 seconds), and (3) ,the serum p^assium level returned to the 
initial level within 4 to 5 minutes, except B-2 (6 minutes) and B-3 (8 minutes;. 
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To detenninc whctlicr a series of stresses in close succession might produce 
a cumulative response with respect to potassium elevation, a series of dogs re¬ 
ceived two injections of 0.05 mg./lCg. each, separated by intervals of 15, 30, or 
60 seconds. The results recorded in Table I indicate that these dogs had essen¬ 
tially the same response as the animals which received only a single injection 


mEq/L 

8 

7 

6 

5 

4 

3 


EPINEPHRINE SERIES 


(MEAN 

SERUM RESPONSE) 


• EPINEPHRINE.005 ma/Ka 

IIDO&S PEAK K* RISE 68% 

• * 

X—X*“X EPWEPHRINE-OIOirg/Kg 
tIOOCS PEAK K'^RISE 95% 

// 

*X 

// 

• X 


1 

'‘t 

• X 

\\ 

(No VeMficvlgr Fibnilotwn -An Dogs 
Recovered) 

- 1- -—1 _-- L__ » 


12 3 4 5 

time in minutes 

Fig. ZB 


ACUTE HEMORRHAGE SERIES 


K* 

mEq/L 

8 


6 


To determine the effect of stress produced at intervals of 10, 20, or 30 
minutes, 12 dogs in each of 3 series received two doses of either 0 05 mg /Kg. 
or 0 10 mg /Kg at these time intervals As indicated in Table I, all animals 


(MEAN SERUM K+ RESPONSE) 
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showed the same peak potassium rise as the animals which received a single 
injection. The only consistent difference was that the second dose always elicited 
a slightly diminished rise in potassiiun. 

In aU animals, the seimm potassium rise started Avithin 30 seconds folloAving 
the injection; the peak potassium level was usually attained in 60 to 90 seconds 
after injection, and the serum potassium level returned to normal values ivithin 
4 to 5 minutes. 

Severe stress (epinephrine) alone did not result in ventricular fibrillation 
in any animal. 

Effect of Hemorrliage .— 

Another important factor which may cause elevation of serum potassium 
during surgery is acute hemorrhage. This was evaluated in 5 dogs by -withdraw¬ 
ing 50 c.c. of blood eveiy 30 seconds. After 3 minutes, these animals showed a 
significant rise in serum potassium level. One animal fibrillated at 5 minutes 
with a serum potassium rise of 62 per cent. The other 4 animals showed a 
serum potassium plateau at about this same level and then rose to a peak 


Mean Values for 10 Dogs Rebreofhing (Without Anoxia) 



Pig. i. 

potassiiun of 90 per cent above normal between 7 and 8 minutes, when they 
expired from cardiac arrest due to exsanguination. Fig. 3 summarizes these 
findings. 

Effect of Ilypercarhia .— 

Hypercarbia, independent of anoxia, ivas investigated by having 10 dogs 
rebreathe continuously for 90 minutes into a large imbber bag. Anoxia ivas 
prevented by replacing the oxygen as utilized. At the end of this time the 
bag was removed and the animals were subjected to hyperventilation with room 
air for 1 minute and then allowed to breathe spontaneously. After an initial 
transient rise the seriun potassium level I’emained constant throughout the 
period of CO 2 I’etention. The pCO^ climbed from 40 to 240 during this time. 
At the time of rapid COo elimination, the pCOo dropped precipitously to sub¬ 
normal levels during 2 to 3 minutes. Simultaneously the potassium level rose 
24 per cent above the base level. Cardiac arrhythmias occuiTed in every dog 
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at the time of CO- ieveii>al Nine of the dogs lecoveied but one piogiessed 
fiom ventiiouUi taohycaidia into ventiiculai fibiillation 4 minutes after the 
hjTieiventilation Fig 4 illiistiatcs these lesults 

Effect of Di ugs •—• 

Niinieioiis anesthetic agents and diugs aie known to have sensitizing, 
e\Litatoiy, depiessant, and othei elfcets on the heait It was not ivithin the 
scope ot this papei to iniestigate these thoioughly Ilowevei, a well known 
combination was used to demonstiate diug effect on seiiini levels Aftei pie 
limmaiy sedation with Nembutal, ^ dogs wcie anesthetized with chloroform 
When they wcie in stage III anesthesia, specimens of blood weie diawn dui- 
ing a fifteen minute eontiol peiiod foi deteimination of set uni levels of calcium, 
sodium, potassium, magnosiiini, and cliloiidc 

Then a lapid intiavcnous injection of 0 05 mg/ICg of epineplliine was 
made Blood was diawii e\ery 15 seconds thcieaftei for 2 minutes and then 
eieiy V 2 miunte for 3 additional minutes The findings aie summaiized in 



Pig 5 None of the 10 ns showed any significant change except the potassium 
Foui of the dogs went into lentiiculai fibnllation ivitli a seium potassium 
use of 36 pel cent Two otheis had a peak potassium level of 25 pei cent and 
iteoveied without fibrillating One of the dogs leceived an ovei dosage of the 
anesthetic agent piioi to the administratjon of epinepliiine and died an anoxic 
death with caidiac aiiest fiom the myoeaidial depiession, as ivould be expected 


Effect of Summation of Factors — 

In the pievious studies, gieat care was taken to evaluate the effects of 
single uncomplicated factois and situations Such puie sd ' <ions^^*ww occiii 
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climeally, but they are not the rule. They are essential in establishing base- 
level effects, but should be supplemented by studies of combinations of factors 
as might be anticipated on a practical basis. Accordingly, the effects of 
anoxia in combination with other factors were studied. The results in 65 dogs 
are summarized in Table II. 


Table II. Synergism op Factors Series 






EESPOXSE 





'VEXTRICUL.VR 

FIBRILLATIOX 

cardiac 

ARREST 


FACTORS 

xo. 

DOGS 

IXCIDENCE 

(%) 

PErUC K-*- 
RISE {%) ' 

IXCIDENCE 

(%) 

PEAK K-i- 
RISE (%) 

A. 

Acute anoxia (4 min.) plus 

I.V. KCl 

(1) 10 mg./Kg. 

12 

50 

239 

25 

187 


(2) 15 mg./Kg. 

12 

50 

278 

42 

198 

B. 

Chronic anoxia plus CO; re¬ 
tention 

9 

0 

— 

100 

85 

C. 

Acnte anoxia plus simulta¬ 
neous epinephrine'' 

4 

50 

120 

50 

80 

D. 

Chronic anoxia plus CO- re¬ 
tention plus epinephrine 

4 

25 

50 

75 

116 

E. 

Epinephrine* 30 sec. before 
acute anoxia 

4 

50 

S9 

50 

81 

F. 

Epinephrine'* 60 sec. before 
acute anoxia 

4 

75 

86 

25 

86 

a. 

Epinephrine* 120 sec. before 
acnte anoxia 

4 

50 

100 

50 

88 

H. 

Epinephrine* 30 sec. after 
acute anoxia 

4 

25 

84 

75 

135 

I. 

Epinephrine* 60 sec. after 
acute anoxia 

4 

25 

106 

75 

93 

J. 

Epinephrine* 120 sec. after 
acute anoxia 

4 

50 

92 

50 

81 


‘Epinephrine (0.05 mg-./Kg.), when used. 


In two series of 12 dogs each, after 3 minutes of acute anoxia, 10 mg./Kg. 
or 15 mg./Kg. of potassium ehloidde was administered intravenously and the 
anoxia was prolonged to 4 minutes (Table II, A). In each of these groups, 
50 per cent of the animals fibrillated. Twenty-five and 42 per cent of the rest 
went into cardiac arrest and the I’emainder recovered. In the 10 mg./Kg. 
series this represents a 50 per cent increase in venti'icular fibrillation and a (5 
per cent increase in moidality. In the 15 mg./Kg. group this I’epresents a 20 
per cent increase in ventricular fibrillation and a 60 per cent increase in mor¬ 
tality. Furthermore, the peak serum potassium levels in both fibilllating and 
nonfibrillating animals are higher than those produced by the dimg alone. 
This indicates the potentiality for summation of responses when multiple fac¬ 
tors are operating. 

A series of dogs mth anoxia plus hyperearbia and/or stress (Table II, 
3-J) provided two important observations; (1) in every instance (except 
ehi’onic anoxia plus CO 2 retention) factors which did not produce ventriculai 
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fibullatioii when operating singly, icsulted m a 25 to 75 poi cent iiieulenoe of 
fibiillation when they opeiated m combination, and (2) in eieiy instance in 
which lentricular fibiillation occuiied, the peak potassium level was only one 
half or less than the 200 pei cent use lequaed to pioducc lentiiculai fibiilla 
tioii with potassium chloride injections alone This indnates that ventiiculai 
fabiillation can occur even without summation suffieicnt to laisc the potassium 
to fibiillating levels Appaiently this is due to the syneigistic efleots of the 
factors An attempt to detezminc the most effective syneigistie sequence uas 
not too conclusive, but a slightly gieatci fibiillatoij effect fiom stiess pieced- 
mg ano\ia was indicated 

Hypeicaibia and chionie ano\ia aic both depiessaiit Although this 
combination oleiated the senim potassium level, caidiac aiiest occuiied with 
out vcntiicular fibiillation In all othci instances in vhich vcntiicular fibiilla 
tioii did not occur, the ano\ia was maintained until caidiac airest occuried 


Mean Values far 10 Dags Rebreafhing (Without Anoxia) 



Time in Minutes 
Fjfir 6 

Fig 6 presents the summation icsitltiiig fiom lapid leveisal of severe 
hypercarbia simultaneously with stiess (IV epinephiine) This combination 
of factois lesulted in an 88 pei cent rise in seium potassium 

The electiocaidiogianis showed more severe changes in this second gioup 
than in the pieceding gioup of lapid leveisal of hypeicaibia Nine of the 10 
dogs developed ventiiculai tachycardia, 1 of which piogiessed into i eiitiieulai 
fibrillation This animal had a 171 per cent rise ui sei iini jiotassium 

COMMENTS AND SUMMARY 

Two hundred and forty siv. dogs have been studied m this sinvey of the 
mechanisms undeilymg ventricular fibrillation and cardiac aiiest dining 
suigery Results indicate that caidiac arrest is piimaiily a manifestation oi 
ano\ia and the most ominous sign of iinpendiiig disaster is hiadyeaidia On 
the othei hand, ventiiculai fibiillation lesults fiom piofound and sudden ionic 
imbalances Experimentally such imbalances can be pi educed bj a variety of 
substances, but clinically only jiotassium is capable of being mobilized with the 
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clinically, but they are not the xnale. They are essential in establishing base- 
level effects, bnt should he sixpplemented by studies of combinations of factors 
as might be anticipated on a practical basis. Accordingly, the effects of 
anoxia in combination with other factors were studied. The results in 65 dogs 
are summarized in Table II. 


Table II. Synergism of Factors Series 





response 




ventricular 

fibrillation 

CARDLVe 

iUiREST 

FACTORS 

NO. 

DOGS 

1 INCIDENCE 

1 (%) 

PEAK K+ 
RISE (%) 

INCIDENCE 

(%) 

PEAK K+ 
RISE (%) 

A. Acute anoxia (4 min.) plus 
I.V. KGl 
(1) 10 mg./Kg. 

12 

50 

239 

25 

187 

(2) 15 mg./Kg. 

12 

50 

278 

42 

198 

B. Clironie anoxia plus GO. re¬ 
tention 

9 

0 

— 

100 

85 

C. Acute anoxia plus simulta¬ 
neous epinephrine* 

4 

50 

120 

50 

80 

D. Glironic anoxia plus GO, re¬ 
tention plus epinephrine* 

4 

25 

50 

75 

116 

E. Epinephrine* 30 sec. before 
acute anoxia 

4 

50 

89 

50 

81 

F. Epinephrine’ 60 sec. before 
acute anoxia 

4 

75 

86 

25 

86 

G. Epinephrine* 120 sec. before 
acute anoxia 

4 

50 

100 

50 

88 

E. Epinephrine* 30 sec. after 
acute anoxia 

4 

25 

84 

75 

135 

I. Epinephrine* 60 sec. after 
acute anoxia 

4 

25 

106 

75 

93 

J. Epinephrine* 120 sec. after 
acute anoxia 

4 

50 

92 

50 

81 


’Epinephrine (0.05 nig./Kg.), when used. 


In two series of 12 dogs each, after 3 minutes of acute anoxia, 10 mg./Kg- 
or 15 mg./Kg. of potassium chloride was administered intravenously and the 
anoxia was prolonged to 4 minutes (Table II, A). In each of these groups, 
50 per cent of the animals fibrillated. Twenty-five and 42 per cent of the I’cst 
went into cardiac arrest and the remainder recovered. In the 10 mg./Kg- 
series this represents a 50 per cent increase in ventricular fibrillation and a 7o 
per cent increase in mortality. In the 15 mg./Kg. group this represents a 20 
per cent increase in ventricular fibrillation and a 60 per cent increase in mor¬ 
tality. Furthermore, the peak serum potassium levels in both fibrillating and 
nonfibiillating animals are higher than those produced by the drug alone. 
This indicates the potentiality for summation of responses when multiple fac¬ 
tors are operating. 

A series of dogs with anoxia plus hyperearbia and/or stress (Table , 
B-J) provided two important observations; (1) in every instance (except 

chronic anoxia plus CO 2 retention) factors which did not produce ventricular 
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flbiillation when opeiatuig singly, lesulteil in a 25 to 75 pei cent incidcuco of 
fibiillation when they opoiatcd in combination, and (2) in e^oly instance in 
which ventiiculai fibiillation occiuied, the peak iiotassuini lo\ol was only one 
half or less than the 200 pei cent use leiiuiied to piodiicc lentiioulai fibiilla 
tioii wnth potassium chloiide injections alone Tins indicates tint lentiiculai 
fibiillation can occur even without summation sufficient to laise the potassiiini 
to fibiillatmg levels Appaiently this is due to the synei gistic elfeots of the 
factors An attempt to deteimiiie the most cffeotiie sjneigistic soqiionce was 
not too conclusive, but a slightly gieatei fibiilHtoi} effect fiom stioss pieced 
iiig ano\ia was indicated 

Hypeicaibia and ehioiuc ano-via aie both dopicssant Although this 
conibiiiation elevated the serum potassium level, caidiac aiicst occiuied with 
out veiitiieiilar fibnllatioii In all othei instantcs in which i cntiiciilai fibiilla 
tioii did not occui, the ano\ia was maintained until caidiac aiiest oteniied 


Mean Values for 10 Dogs Rebreathing (Without Anoxio) 



Fig 6 presents the summation usulting fiom lapul iiieisal of seiere 
liypercarbia simultaneously with sticss (IV epinepluiiie) This combination 
of factois 1 esulted in an 88 poi cent use in scrum potassium 

The eleetiocaidiogiams showed moie severe changes in tins stcoiid gioiip 
than m the pieeeding gioup of lapid leveisal of hypeicaibia h-nie of the 10 
dogs developed ventiiculai tachycaidia, 1 of which piogresscd into i entneulai 
fibrillation This animal had a 171 per cent rise in sei urn potassium 

COMMENTS AND SUMM VRY 

Two hundred and forty six dogs have been studied ni this siiney of the 
mechanisms undeilymg ventiicular fibrillation and tudiac aiiest during 
suigeiy Results indicate that cardiac ariest is piimaid} a m iiuiestation ot 
anoxia and the most ominous sign of unpcndiim disastci is biadicardia On 
the othei hand, ventiiculai fibiillation icsiilts fiom piofomid and sudden ionic 
imbalances Expeiimentally such imbalances c iii be piodmud bj a varietj oi 
substances, but elinically only potassium is capable of b«-inS mobUized wth the 
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speed and amplitude required to produce tliis lethal complication. Various 
factors, such as anoxia, hypercarbia, hemoiThage, stress, drugs, and anesthetic 
agents, are capable, independently and in combination, of causing significant 
elevations in serum potassium. These elevations are precipitous and profound. 
Accurate appraisal requires monitoring them on a second-to-second basis. 

Careful studies by Houssay and collaborators®’ have revealed that the 
source of these potassium discharges is the liver. As a result of such noxious 
stimuli as anoxia, stress, reflex responses, hemorrhage, excitation, among 
others, the sympathetic nervous system and/or the adrenals act through nerv¬ 
ous pathways to liberate the potassium-hexose-phosphate complex from the 
liver. Usually this is an efficient defense system of the body since the glucose 
provides energy and the potassium augments myoneural discharge in these emer¬ 
gencies. 

However, if these act very rapidly, they result in a sudden shift of potas¬ 
sium into the blood stream and directly to the heart. The sudden appearance 
of large concentrations of potassium in the extracellular compartment results 
in large differences in electrical potential across the myocardial cell membrane. 
At low concentrations, little effect occurs except on the rate and rhythm of 
the heart. At higher concentrations (i.e., 20 mg./Kg.) local areas are triggered 
by differences in potential and ventricular fibrillation results. At veiy high 
concentrations, it appears that the myocardium is suddenly depolai’ized and 
overwhelmed into arrest by the massive transfer of ions. 

The serum potassium level rapidly returns to normal levels because this 
ion is quickly translocated into muscle and body tissues. It is then gradually 
transferred back to its storehouse in the liver. 

It has been sho^vn here that various factors stimulating the release of 
potassium can act simultaneously or in sequence to produce summation. Of 
even greater significance is the fact that some of these factors and drugs and 
anesthetic agents act to sensitize, stimulate, irritate, or depress the myocar¬ 
dium. This provides further synergism. 

An evaluation of the use of drugs or other ions to prevent or coimteract 
the effects of anoxia and/or ionic imbalances is outside the realm of this paper. 
Preliminary studies on a series of 10 dogs have indicated that atropine is only 
slightly protective against the fibrillatoiy effect of 20 mg./Kg. of potassium 
chloi'ide. In another series of 10 dogs, acetylcholine appeared to be somewhat 
more protective against the effects of 15 and 20 mg./Kg. of KCl. 

However, this approach to the problem begs the basic issue regarding the 
cause of ventricular fibrillation and cardiac arrest during surgery. If anoxia, 
stress, hemorrhage, hypercarbia, and drug stimulation and depression underly 
the mechanism for these complications, the elimination or control of these fac¬ 
tors provide the best means of preventing ventricular fibrillation and cardiac 
arrest. 
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PREVENTION OE POSTHYPERCAPNEIC VENTRICULAR 
FIBRILLATION IN DOGS 

Bernard Goott, AID. (by invitation), and Fletcher A. Aliller, Al.D. 

(by invitation), Aiinneapolis, AUnn. 

X /ENTKicuLAR fibrillation can be consistently produced in dogs, if, following 
V prolonged hypercapnia, their arterial blood pH is rapidly raised to normal 
by ventilation mth room air.^ This procedure offers a consistent and repro¬ 
ducible method of studying the metabolic alterations which might be of influence 
in the production of ventricular fibrillation. 

Inhalation of high concentrations of carbon dioxide results in a rise in the 
levels of potassium, inorganic phosphorus and glucose, with a simultaneous 
drop in the ionized calcium level. The ratio of ionized calcium to potassium 
shows a further decrease in the immediate posthypei’capneie period when con¬ 
current with the return to more nearly normal blood pH levels there is a sudden 
elevation of the serum potassium and a simultaneous drop in the ionized cal- 
eiiun.^ In all likelihood, these values are indicative of an acute ionic alteration 
in the myocardium. 

According to Tenney,^ carbon dioxide inhalation serves as a potent stimulus 
to the sympatho-adrenal system. The circulatory changes and the metabolic 
alterations of hj’perkalemia, hypei’phospheremia, and hyperglycemia described 
above are all consistent with increased sympatho-adrenal activity. 

In order to explore the possibility that these metabolic changes may be 
important in the precipitation of this type of fibrillation, the following in¬ 
vestigations were ruidertaken. 

A. Sympatho-Adrenal Influence .—^To examine the influence of the cardiac 
sympathetic nerves an attempt was made to denervate the heart by means of 
bilateral sympathectomy. In a second series, Dibenzyline Avas given in an 
attempt to suppress the sympatho-adrenal response. 

B. Ionic Balance .—The significance of the changes in ion concentrations Avas 
investigated as folloAVS: (1) calcium gluconate Avas administered to a series of 
12 dogs Avhile inhaling the carbon dioxide mixture, and also in tlie immediate 

The work described in this paper was supported by grants from the U. S. Pubiic HealUi 
Service, National Heart Institute (H2425), Minnesota Heart Association, and the Graduate 
School, University of Minnesota. 

Head at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
SurgeiT at Los Angeles, Calif., April 21-23, 1959. 
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posthypercapneie period, ( 2 ) a second scries of animals received magnesium 
sulfate, and (3) in another series, wo attempted to suppress the rise in serum 
potassium by the use of insulin or corticoid preparations. 

C. Tlio Effect of Qiunidine Was Also Examined. 


ItETHODS 

Healthy mongrel dogs weighing between 16 and 20 kilograms were used. 
Each animal was lightly anesthetized with sodium Pentothal, 10 mg./Kg., in 
order to pex’form the minor surgical procedures of femoral artery eannulation 
and tracheotomy. On reeoveiy of the major reflexes, a mixture of 30 per cent 
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Fig, 1.—Lead II electrocardiographic and blood pressure tracings m a control experiment. 


CO 2 / 7 O per cent 0 , was administered via the tracheotomy for a period of 2 
hour’s, followed by a mixture of 40 per cent CO:/60 per cent O 2 for a second 
2-hour period. The dogs were next rapidly hyperventilated with room air 
using a mechanical respirator 'with an inspiratoi'y pressure of 20 mm. Hg. 

Samples of arterial blood were taken at regular intervals for chemical 
analysis, and oontinous eleetrocardiographie and arterial blood pressure tracings 
were obtained. 
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RESULTS 

Controls.—A control experiment was performed, in the manner described 
above, at intervals throughout the series. Of 15 dogs so tested, 14 developed 
ventricular fibx’illation ■within 10 minutes after being returned to room air 
inhalation. Fig. 1 illustrates these results. 

Thoracic Sympathectomy. —In 10 dogs, bilateral tlioi’acic sympathectomy 
and cervical ganglioneetomy were performed; via bilateral thoracotomy in 
9 dogs. In the remaining animal a sternal splitting procedure was employed. 
The animals were given a recovery period of 2 weeks before subjecting them to 
the hypercapnia px’ocedure. Only the animal with the sternal split-type incision 
exhibited fibrillation; none of the others even demonstrated arrhythmias. 

A control study for the sympathectomy series was performed by subjecting 
5 dogs to bilateral thoraetomy -without denervation. None fibrillated. Our 
only explanation for these results is that lateral thoracotomy interferes, 
probably because of adhesions, with the adequate respii’atory exchange neces¬ 
sary for this procedure. The fact that the only dog to fibifillate had had a 
sternal split-type incision, a procedure I'esulting in only a minimal disturbance 
of pulmonary mobility, lends support to this thesis. 

An experiment to test the posthypercapneic effect on the same day as the 
sympathectomy was performed. These animals were intolerant to the carbon 
dioxide exposure and most of them fibrillated during the hypereapneic period. 
Table I presents the results of the sympathectomy experiments. 


Table I. Evaluation of Syupatuectomy Upon Posthypercapneic Ventricular 

Fibrillation 



no. of 
experiments 

ventricular fibrili.ation 

Controls 

15 

14 

Thoracic sympathectomy 

10 

1 

Controls, token thoracotomy 

Procedure immediately after sympathectomy; 

5 

0 

chest not closed 

9 

7 (Fibrillation occurred 
while on CO,) 


The ventricular fibrillation threshold, as measured by Shumway and his 
co-workers^ employing an electrical stimulus, was measured in 2 dogs both 


Table II. Fibrillation Threshold Before and After SviiPATHECTOitY 



DELAY 

(MSEC.) 

[ MILLIAMP. 1 

pH 

1 

1 TEMP. 

BLOOD 
PRESSURE 
(MM. Hg) 

No. 1 






Control 

100 

15 

7.61 

37.5 

115/80 

Left sympathectomy (1) 

110 

13 

7.46 

37.5 

100/75 

(3) 

95 

15 

7.36 

37.3 

150/80 

Eight sympathectomy (1) 

100 

15 

7.5 

37.5 

115/75 

(2) 

95 

13 




No. 2 






Control 

90 

20 

7.66 

36.5 

105/75 

Eight sympathectomy 

95 

24 

7.57 

36.0 

80/55 

Left sympathectomy 

110 

20 

7.62 

36.0 

85/60 
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Suppression of Serum Potassmm Levels.~The work of other investigators 
has suggested that suppression of the serum potassium rise duiung the post- 
hypereapneic state would lessen the incidence of fibrillation.®- ® 

Because severe respiratory acidosis is associated with hyperglycemia (Table 
III), we decided to use insulin to suppress this blood sugar rise. Dosage was 
difficult to estimate and, if excessive, resulted in an extreme drop in blood 
glucose levels and an inability to tolerate the carbon dioxide inhalation per 
se. An appi’oximate measure of blood glucose levels was obtained rapidly by 
the use of blood sugar test paper. 



MAGNESIUM 


4 hrs. CO 




5 min. Air 



10 min. Air 


15 min. Air 


5min.Voluntary 
Respiration 





Fig-. 3.—Lead II electrocardiograph and blood pressure recording of posthypercapneic 
dog treated with intravenous infusion of magnesium sulfate. These dogs did develop arrhyth¬ 
mias and other electrocardiographic changes and marked blood pressure depression as illus¬ 
trated by this tracing, but none of the animals flbrillated. 


TxtBLE III. Average Changes in Levels op Serum, Potassium, Phosphorus, and Sug^ik 

During Hyperc-ipnia 



POTASSIUM 

(mBq./l.) 

PHOSPHORUS 

(mg. %) 

SUGAR 
(MG. %) 


1 CON-TROL ( 

4 HR. 

1 CONTROL 1 

4 HR. 1 

1 CONTROL 

1 4 HR. 


Control 

15 dogs 

Standard deviation 

5.2 

(1) 

8.3 

(2.4) 

4.5 

(1.4) 

13.9 

(2.4) 

79 

(11) 

249 

(94—Range 

134-425) 

Dibenzyline 

7 dogs 

Standard deviation 

3.8 

(.06) 

7.5 

(.09) 

4.6 

(1.1) 

13.0 

(3.1) 

76.8 

(148) 

249 

(84—^Range 

176-425) 

Corticoid Freyarations 
12 dogs 

Standard deviation 

4.5 

(1.9) 

7.8 

(3) 

4.8 

(1.2) 

14.3 

(4.3) 

68.8 

(17) 

250 

(42—^Eange 

205-355) 
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Eight dogs given legular insulin in dosage sufficient to maintain the 
blood glucose at near control levels tolerated the entire procedure and did 
not fibrillate. Pig. 4 is typical of the results in the insulin senes The effects 
on the blood levels of glucose, phosirhoius, and potassium can be seen in Table 
IV. It is evident that the use of insulin prevents the gross elevation of the 
serum potassium level, but does not reduce the rise in phosphate 
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Fig- 4—Typical Lead II electrocardloeraphic and blood pressure pattern of a dog tieated 
with in&ulin during acidosis Arrhythmias were minimal m all such experiments and blood 
pressuie did not sho>\ the typical severe depression 


Table IV. Effect op Insulin Upon tub Blood Chemistry During Hvpeucapnia 


1 

EXPEB 1 
NO 

INSULIN 

DOSE 

(UNITS) 

j POTASSIUai 1 

1 (mEq/l) 1 

PHOSPHORUS 
(MG. %) 

GLUCOSE 
(MO %) 

1 pH RESULTS* 

1 CON- 
1 TROL 

1 4 HR 

CON 

1 TROL 

1 4 HR. 

CON j 

TROL 1 

4 HR 

1 

10 

5.1 

66 





6 69 

(lid 

not 

fibrillate 

2 

10 

3 5 

45 

33 

75 

85 

365 

6 73 

did 

not 

fibrillate 

3 

20 





90 

148 

6 7 

did 

not 

fibrillate 

4 

20 

45 

5 7 

53 

24 

100 

143 

6 65 

did 

not 

fibrillate 

5 

25 

46 

48 

32 

24 

82 

30 

6 77 

did 

not 

fibrillate 

6 

20 

38 

54 

45 

24 

71 

260 

— 

did 

not 

fibrillate 

7 

30 

51 

46 

33 

14 5 

82 

125 

6 76 

did 

not 

fibrillate 

8 

40 

38 

30 

46 

14 5 

71 

16 

6 67 

did 

not 

fibrillate 

Averages 

43 

49 

40 

181 

83 

155 3 






•Arterial blood pH obtained just before switch to room air 


Coiticoid Preparations .—These drugs are known to lower the levels of 
serum potassium and inorganic phosphate ru normal animals. They were. 
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, tliei’efoi'e, used in an attempt to suppress the levels of these substances during 
liypei'capnia. Two dogs were given an intravenous dose of alphafluorhydro- 
cortone, 1 ing./Kg., 2 hours before the procedure. Fibrillation was not pre¬ 
vented. 

Hydroeortone was given intravenously to 10 dogs 2 to 4 hours before the 
procedure. Dosage varied from 50 to 200 mg. Six of the dogs fibrillated. 
The results as seen in Table III show that Hydroeortone, in the dosage used, 
is not significantly beneficial and did not prevent the rise in the levels of 
serum, potassium, and inorganic phosphorus. It is possible that the effect of 
these drugs in this regard is inhibited by acidosis. 

Qiiinidine. —Holland^ has suggested that the antiarrhythmic action of 
quinidine might be due to depression of the outward flux of potassium across 
the myocardial cell membrane. Quinidine gluconate, 10 nig./Kg., was ad¬ 
ministered intravenously to 2 dogs 20 minutes before reversal of the hyper¬ 
capnia and both fibrillated. Of 6 dogs given quinidine gluconate, 20 mg./Kg., 
30 minutes before reversal, 4 fibrillated. 

The results of all of these experiments Avith the changes in blood chemis- 
tiy are summarized in Tables III, IV, and V. 


Table V. The Incidence of Posthtpercapneic Ventricular Fibrillation Following 

Various Esperimental Procedures 


PROCEDURE 

1 NO. OF experiments 

1 ventricular fibrillation 

Controls 

15 

14 

Calcium 

gluconate 

12 

0 

Insulin 

8 

0 

Cortisone 

12 

8 

Dibenzyline 

7 

5 

Quinidine 

8 

6 

Magnesium 

6 

0 


DISCUSSION 

The maintenance of normal transmembrane potentials in resting cells 
requires a very definite partition of ions. Calcium and potassium imbalance 
in particular greatly affect the permeability and excitability of all cardiac 
tissue and the relative concentration of these ions are as important as the 
absolute.® Whatever the precipitating factors may be, it would seem that 
sudden changes in ion flux are of extreme importance in the genesis of ven¬ 
tricular fibrillation. Brown and Prasad® have shown that in the posthyper- 
capneic dog the ratio of ionized calcium and potassium drops rapidly to nearly 
one third of normal. Blood samples from the coronaiy sinus of dogs sub¬ 
jected to hyimthermia Avere found by Covino to shoAv a decrease in ionized 
calcium and an increase in iiotassium immediately prior to fibrillation. These 
changes Avere not present if the dog did not fibrillate.® According to Cher- 
bakoff, Avhen the descending branch of the left coronaiy artery is ligated to 
produce fibrillation, there is a marked rise in the leA’'el of potassium in the 
coronaiy sinus preceding the onset of fibrillation. HoAveAmr, if the rise in 
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the potassium level is prevented by the adininistratiou of insulin and glucose, 
or bicarbonate, fibrillation is prevented in a high proportion of the animals 
tested.'” 

The success of calcium, magnesiuin, and insulin in blocking fibrillation 
would appear to confirm the importance of an altered myocardial ionic balance 
in the etiology of fibrillation. Not only did the administration of calcium 
prevent fibrillation, hut severe arrhythmias did not occur. The beneficial 
effects of magnesium support the contention that this ion has some similarity 
of action to calcium upon the myocardial cells, especially when the calcium 
levels are below normal.® 

The participation of the sympathetic neiwous system in response to carbon 
dioxide stimulation has been adequately demonstrated by Tenney” and Fenn," 
The fact that the metabolic changes of hyperkalemia, hyperphospheremia, and 
hyperglycemia that occur during the hypercapnia,- can also be obtained by 
Adrenalin administration suggested the use of Dibenzyline to suppress any 
hyperactivity of the sympatho-adrcnal system during carbon dio.xiile inhala¬ 
tion. However, tliis sympatholytic agent prevented neither the fibrillation nor 
the metabolic alterations. Caution must be employed in the inteiprctation 
of such results since complete obliteration of this system might not have been 
obtained by the pharmacologic methods employed. 

We believe that the results of our denervation experiments would not 
substantiate the use of sympathectomy for the prevention of fibrillation. This 
belief was supported by the failure of synspathectomy to prevent fibrillation 
as produced by the ligation of the circujntiex coronary artery in dogs so 
tested. 

As to the role of the cardiac nerves in the development of ventricular 
fibrillation, it should be noted that cervical vagotomy had no protective in¬ 
fluence on the development of ventricular fibrillation by the e.xperimental 
method herein employed. 


SUIIJIABY 


1. The administration of calcium ions successfully prevented pos-a.. ...er- 
capneic fibrillation. 

2. The administration of magnesium sulfate similarly prevextesr pxv:- 

hypercapneie fibrillation in all animals so tested. »- 

3. Insulin was successful in preventing fibrillation 

Administration of insulin suppressed the serum levels of ^ 

glucose^during hypercapnia, but did not prevent the y of irn. 

•i. Corticoid preparations did not .suppre.ss the ‘ "7!'!;^ 

and inorganic phosphorus durin" hypercapnia- L. rr 

failed to fibrillate. ’ _ _ . 

5. Quinidine, administered to 8 dogs, failed ‘ -j 

of these. 


The authors wish to giatefidly - 

ther and Earl Levens in perfo.-xirig tb*s« 
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Discussion 

(Papers by Magovern [page 561], Smith [page 573], Kantrowitz [page 586], Breckeer 
[page 594], Stephenson [page 604], Nelson [page 610], Gordon [p.uiE 618], Goott [page 

630], AND Their Associ.vtes) 

DR. HENRY SWAN, II, Denver, Colo.—I would like to make a comment or two 
regarding the very interesting papers on ventricular librillatioii, ivhich I thought were all 
extremely productive this morning, and I want to compliment the authors on them. 

In regard to the relationship of the central nervous system to librillation, I think 
we should remind ourselves of some interesting work which has gone on in the past, and 
to ask ourselves how to relate this information to some of the interesting work we heard 
this morning. I thought Dr. Nelson particularly might like to comment on this. 

A year and a half ago, Dr. Montgomery and I, at the Pump-Oxygenator Conference 
in Chicago, discussed the pharmacology of the heart, and emphasized that the sympathetic 
innervation to the heart appeared to play an important role in the ability of the heart 
to undergo ventricular fibrillation when induced by various means. 

In 1930, and for a period of several years, Meakin and his co-workers at Wisconsin 
were studying this problem and the interesting relationship of the actual chemical formula 
to some of the sympathomedic agents was worked out. 

This slide simply shoivs that the dihydroxy catechol amines, of which adrenalin is 
a typical example, are fibrillogenie agents, whereas the monohydroxy catechol amines, such 
as neosynephrine, are not. Thus, there is a definite relationship between the chemical 
formula and its reaction on the heart. 

These workers studied sympathectomy in relation to the stimulus from these di¬ 
hydroxy catechol amines and they found that if you take out the sympathetic chain down 
to T-7 you have protected the heart to a large extent from fibrillation induced by catechol 
amines. But the same effect was also achieved if you left the sympathetic system intact 
but decerebrated the animal slightly above the niidbrain. 

Thus, it would appear that the integrity of the sympathetic nervous system to above 
the level of the midbrain is probably important in the regulation of the ability of that 
heart to flbrillate. 
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It IS luteresting to mo that tho heart in Dr ><thon^s case was isolated and in this 
respect I would like to ask him if ho feels that this is of nnj importance in his experiment 
On tho other hand, Dr Goott and his cot\orkers all showed this morning that another 
stimulus IS affected by this sjniputhetic denervation, iiamLlj tint of the rapidly changing 
potassium ion induced by rebreathing after CO 

DR AKE SENNING, Stockholm, Sweden—^First, I wish to take this opportunity 
to thank you for letting mt attend this meeting as i gULst It has really been a 
taseinating meeting 

Second, I wish to coiivej warmest regards from mj teacher and chief, Clarence 
Crafoord, especiallj to tho older members of this Associition I do understand Ins enor 
mous admiration for American thoracic surgery, hu\iug Msited inanj of >our chines 

Today I should like to discuss tho paper of Stephenson, Edwnrds, Jollj, and Scott 
Wo have been working with different types of pacemakers outside the patient and inside 
tho patient to treat complete A V blocks, but we ha\e not been especially happj with an\ 
of these t} pes of pacemakers 

Tho last gidget wo lia\o is the one I have in my hand here, as big as a watch, and 
wo have used tins experimentally in animals and clmicall} in 1 case, placing it sub 
cutaneously in tho epigastrium Tins transistor pacemaker is charged at intervals from 
tho outsido by a cord that wo place around the patient, and if we wish we can trigger 
the pacemaker to any desired rhjthm with a special induction coil outside 

But wo are not pleased with this either, because wc have had the same experience 
IS all other people have, that ifter a while the resistance lu the heart, or whatever it is, 
increases more and more, so that a higher and higher \oUago is required, and when one 
reaches the neighborhood of 20 volts tho wholo patient jumps, but tlic heart goes its own 
rhythm This takes about 4, 5, or 6 weeks So I don’t think this is the way to tackle this 
problem I think wo havo to seek other ways to treat an A V block for long periods 

DR JOHN R DERRICK, Galveston, Texas—I would like to discuss the paper of 
Dr Nelson in regard to the tranquilizers and their use in preventing cardiac arrythnnas 

Wo have had some esperieiice with a tranquilizer bj the name of mepazine, ouo of 
the phenothiazines Wo used it originally in a group of experiments to prevent fibrillation 
m cooling animals to cardiac standstill 

[Slide] Wo premedicated the animals with mepazine, and found that in 45 per cent 
wo could take them down to standstill and successfully resuscitate the animals One of 
tho disquieting tlungs, however, was that in several instances it required tremendous 
doses of Adrenalin to resuscitate theso animals In two instances we used as much as 
30 and 40 c c of 1 1000 Adrenalin 

Hiis demonstrates the cooling process, and you can see tho progressive drop in the 
blood pressures and a progressive slowing of the electrocardiogram down to the point 
of standstill 

[Slide] In resuscitating tho animal, there is a progressive increase in the pulse rate 
with rewanmng and intravenous Adrenalin We frequently observed a profound hypoten 
Sion following resuscitation 

Wo cooled 43 animals by this technique and were able to resuscitate 45 per cent 
Wo havo used mepazine clinically in 16 instances, and have found that, in each instance, 
if it was given as a premedication, tho patient seemed to do rather well Wo have used 
it in 5 instances at the time of surgery, and m all 5 the patients developed profound 
hypotension The tranquility of tho patient was very alarming in these instances 

I would like to compliment Dr Nelson on his excellent work using a very difEcuIt 
experimental technique 

DE DERMONT W MELICK, Phoenix, Anz—^My remarks are directed toward the 
cardiac stimulator, Paper No 19 I am not quite as pessimistic as our Scandinavian 
friend 
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This is a report of a 50-year-old man -with cardiac asystole lasting as long as 30 
seconds, complete heart block, and treatment consisted of insertion of a silver wire into 
the right ventricle and an indifferent electrode in the left axilla. This miniature cardiac 
pacemaker was obtained through the good offices of Dr. Ehrlich and Dr. Lillehei. This 
man was on the stimulator for 4 months. At times it was thought it should be stopped, 
but the patient would not allow it to be stopped. He played golf (without permission); 
the stimulator stopped by itself at the end of 4 months. At the present time, his rate 
is 60. He does not have any more periods of syncope. 

The only trouble we have had is with the electricians’ union, who say we should 
have a imion card for this sort of wiring. 

DE. EGBERT S. CARTWRIGHT, Albuquerque, N. M.—We certainly agree with 
others that tissue hpoxia is the demonstrated principal cause of metabolic acidosis in 
extracorporeal circulation, and that high flow, norinocapnial perfusions using non-acidotic 
donor blood will usually eliminate metabolic acidosis as a problem. However, we feel 
it is worth emphasizing that there are other sources of acidosis. Among these is glycolysis, 
which occurs in extracorporeal blood either before or after perfusion; lacticacidemia which 
may result from respiratory alkalosis either before or during perfusion; and the possibility 
of an inadvertent low flow due to arterial cannula obstruction, caval cannula occlusion, 
or mechanical failure. Acidosis also can occur due to metabolic disease, or renal disease, 
and is known to exist in patients having ej’anotic heart disease. It is common to most 
major surgical procedures. 

Consequently, we feel acidosis should be considered a factor in extracorporeal circula¬ 
tion. Systems in which pH, for example, is used to control the per cent of carbon dioxide 
in the oxygenator gas mixture will inevitably lead to a hypocapnial perfusion when 
metabolic acidosis does develop. 

Another factor which became evident in our studies was that the use of the Clark 
electrode in monitoring the venous saturation can lead to inaccurate conclusions since it 
deals with the vertical portion of the hemoglobin dissociation curve, where pH, pCO-, and 
temperature have a marked influence on the relationship between pO, and hemoglobin 
saturation. 

DE. HAEEISON BLACK, Boston, Hass.—I would also like to discuss the matter of 
metabolic acidosis occurring during extracorporeal circulation. On the basis of recent 
experience at Brigham Hospital in Boston, Dr. George Albertal, who has been working 
with us, introduced a useful change in perfusion technique in an attempt to reduce the degree 
of this acidosis. Originally we have used 3 per cent CO- and 97 per cent 0- in our Kay- 
Cross oxygenator. With this mixture normal pCO- values in the blood were maintained. 
However, the pH values fell, the flow was only barely adequate, and the peripheral 
resistance was elevated. At the end of such perfusions we found an average pH of 7.26 
and a bicarbonate level of 17. Two hours later these values had improved only slightlj'. 

In the last 20 cases we have used 100 per cent 0- in the oxygenator in the hope 
of compensating for the metabolic acidosis. We have been gratifled to find that, while the 
arterial pGO- has dropped into the low 30's, the pH at the end of the run has averaged 
7.45. Although the bicarbonate values have still been low (average 16), indicating that 
there is still some acidosis, the resistance figures have dropped to normal and the patient 
appears to be able to correct the deficit postoperatively. Thus, 2 hours after the con¬ 
clusion of such a perfusion the pH has averaged 7.39 and the bicarbonate has risen to 23. 
The pump flows in these patients have similarly increased from 84 per cent of the pre- 
operative cardiac output when 3 per cent CO- was used to 102 per cent with pure oxygen. 
The suggested beneficial effect on pump flow is being further studied. 

DR. J. ANKENEY, Cleveland, Ohio.—I would like to discuss Paper No. 14 and 
congratulate Dr. ilagovem and his associates on a very nice piece of work. 

My remarks are very similar to those of Dr. Black. We observed in the laboratory 
that using 100 per cent oxygen in our Kay-Cross oxygenator, carbon dioxide washout does 
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not occur, and pH remains more or less constant. Therefore, v,e elected to omit carbon 
dioxido in a group of 36 patients and compare the results in this group with 22 patients 
in which 2 per cent carbon dioxide and 98 per cent oxygen was used. 

[Slide] We found that in those cases in which oxygen alone was used, the pC02 and 
pH remained relatively stable throughout the period of perfusion This was true even 
if total bypass was earned out over 50 minutes On tho other hand, when 2 per cent 
carbon dioxide was added to the oxygenator, the pH fell and tho pCOj rose. We, there 
fore, concluded that it was not necessary to add carbon dioxide to tho oxjgenator during 
total bj pass. When carbon dioxide was added, a respiratory acidosis was imposed upon 
metabolic acidosis which deNelops to some degree during perfusion 

DE. CONSTANTIN G. CHAEONIS, Baltimore, Md—I want to congratulate Dr 
Kantrowitz for his inexpensive pump oxygenator. I am taking the opportunity to tell 
you just a few words about the oxjgcn.itor that wo have developed at tho University 
of Maryland m Baltimore 

Our oxygenator is a disposable disc oxjgcnator. It has all the advantages of the 
standard disc oxjgcuator. It is made of plastic material and comes in packages like 
intravenous sets, ready to bo used. Specialized technicians arc not necessary for clean¬ 
ing and care of tho oxjgenator We exhibited our oxygenator last year in Boston, and 
2 weeks ago wo presented complete data about the oxjgenator at the meeting of the 
Society for Artificial Internal Organs, and will appear m Volume 5 of their transactions. 

Tho entire sjatem, including tho disc ovjgcnator, the tubing, and the bubble filter, 
coats a little more thau $30 plus the cost of sterilization and the shipping 

DR THOMAS F. NEALOK, Ja, Philadelphia, Pa—I would like to aay i few words 
about the very nice presentation of Dr. Smith and his co workers on tho problem of a 
Mood preservative 

He pointed out the need for a better method of preserving blood and also the 
desirability of a method of converting blood stored in ACD solution to the equivalent 
of freshly heparinized blood. Ho also indicated difiicultios associated with this 

Wo have attempted to approach this in a somewhat different manner. [Slide] This 
has been accomplished b> passing the blood over ion exchange resin tolunins This slide 
represents the chemical values m dog’s blood before and after storage Immcdiatelj 
after it was collected and combined with ACD solution, there was a marked drop in the 
pH, an increase in sodium, aud a considerable addition of citrate 

After this blood was stored for 21 dajs the most important change was the ac 
cumulation of potassium aud of ammonium. However, in the meantime, because of tho 
increase in lactic aud pyruvic acid, as well as phosphates, the pH had dropped further to 
6 02. This blood was then passed over two ion exchvnge resin columns, a cation, and an 
anion column Following this, practically all the potassium and citrate were removed, 
as well as half of the ammonium, phosphate, and lactate As a result of this, the pH 
was then brought fiom 6 02 to 7 0 

This represents just a preliminarj studj on this work Wo have used this blood for 
exchango transfusions to date in 3 animals They have tolerated it without any hem 
orrhagic effects, and within 24 hours all of these chemical studies were normal 

DR WILFORD B NEPTUNE, Boston, Mass—^With regard to the problem of donor 
blood, I would like to mention a technique which we are using with a bubble type oxygen 
ator which at least has proved successful in our hands We are no longer using any donor 
blood whatsoever for priming the pump oxygenator system nor for support during tho 
perfusion itself The only blood which the patient receives is ordinary citrated bank 
blood to replace blood loss from the operative procedure and postoperatively for pleural 
drainage 

[Slide] Tins is a selected group of patients to demonstrate various age groups and 
various body weights, going from 6 to 66 and from a weight of 55 pounds to 159 pounds 
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These patients have all been perfused at rates of 65 to 80 c.c. per hilogram per 
miuute. We have done various types of monitoring and physiologic studies and, at least 
to our interpretation, can demonstrate no adverse disadvantages with this technique. 

You can see the types of lesions repaired, and the perfusion times have varied from 
15 minutes to a little over 1 hour. In our experience, in perfusions under 30 minutes, we 
usually use about one or two pints of blood during the procedure and one pint in the 
next 24 hours to cover pleurai drainage. In perfusions from 30 minutes up to an hour 
or an hour and a half we use three to four pints of blood during surgery and usually 
one postoperatively. 

I call your attention to the 1 patient who received three pints of blood postopera¬ 
tively. In our total experience, this patient has received the largest single volume of 
blood during an open heart procedure. The average patient having open heart work 
on our service receives a total volume of blood which is less than the average patient 
having a pulmonary resection and, moreover, it is ordinary citrated bank blood and, at 
least in our experience, we have minimized the problem of procurement, storage, and 
waste. 

DE. THOMAS J. E. O’NEILL, Philadelphia, Pa.—In Paper No. 18, it was stated that 
there were three principles involved in the currently available heart pumps. I should 
like to present a fourth type. 

This particular principle and invention goes back many centuries ago and was 
developed first by Archimedes. 

[Slide] It differs from the other three principles as the jet airplane engine differs 
from the old-time piston engine. I am surprised that the aircraft industry didn’t think 
of it first. 

Among its advantages is the small size. The largest diameter is less than 8 inches. 
Its priming volume necessarily is very small. It is quiet in operation and vibrationless. 
Its output can bo regulated carefully from 300 c.c. per minute to 14,000 c.c. per minute. 

[Slide] It is easy to clean. It is completely autoclavable, made up of mostly stain¬ 
less steel and a plastic inner liner, and it can be assembled and dissembled without any 
tools, just using the fingers, putting together the end plates on slots. 

The turbine is a modification of the old water pump of Archimedes, and you can 
see it here. It rides in the inner lining, which is housed in the outer cylinder. There is a 
space between these two in which you can circulate fluids to regulate temperatures at any 
desired level. 

Its principal operation: The blood will flow in this direction; rotating on its long 
axi.'. it effects propulsion, without any valves, by a pulling action, a pushing action, and 
some centrifugal force. We feel that this is definitely superior to any of the ones 
presented so far. 



A METHOD FOR THE SIMULTANEOUS MEASUREMENT 
OF MAXIMUM BREATHING CAPACITY, PULMONARY 
VOLUMINA, AND EFFECTIVE LUNG VENTILATION 

Geoige W Wlight, yM D, and Saul R Gilfoid* (by invitation), 

Cleveland, Ohio 

I N THE PRACTICE of meclicinc, infoimatiou coneeiiiing tlio effectiveness Mitli 
which tlie lungs can he ventilated uiidei vaiyiiig stiesses is fiequently desired 
Measuienient of volitioml maximal late of air flow, of distiibntion of inspiied 
gas, and of the degiee to which the lungs can be filled and emptied, will dis 
close, quantitate, and localize impaiiments of ventilation, but the time con 
suniing natuio of these moasiiioments has diseouraged their widespioad appli 
cation To minimize this haiiiei, we have designed and assembled an appalatus 
to measuio simultaneously the maximum bieathing capaeity (MBC), pulmonaiy 
voluinina, and a factoi leflectiiig aheolai ventilation To prepaie the appaiatus, 
cany out the test, and make the ealculations lequiies appioxniiately 5 minutes 
foi a single deteimination 

METHOD 

A spiioiiieter inside of which is placed a bag containing 6 L of oxygen, a 
metei foi continuous analysis of nitiogen, and suitable lecoidiiig equipment 
compiises the appaiatus The subject exhales maximally and is then con 
iiected to the bag, containing 6 L of piuc oxygen, inside the spiionietei A 
single full inspiiatiou fioni the bag recoids the vital capacity The MBC is 
now measuied ovei a 15 second pciiod by lebieathing to and fio in the bag 
Duimg this pioceduie the bag and lung gases come to, oi appioach, nitiogen 
equilibiium At the end of the iiiaxiniuin bieathing capacity a maximal ex 
halation is made into the bag and the subject is tinned out of the spiiometei 
The nitiogen coneeiitiation at the mouth is constantly sampled and analyzed 
and at the teimiiiatioii of the pioceduie, the nitiogen concentiation in the bag 
IS measuied by expelling the bag’s contents past the sampling point Fiom 
these data the lesidual volume is calculated m the conventional manner for the 
closed eiicuit method' No coriection foi nitiogen cxcietion oi oxygen absoip 
tioii was made ICiiowing the icsidiial loluiue and the inimhei and volume of 
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These patients have all been perfused at rates of 65 to 80 c.c. per kilogram per 
minute. IVe have done various types of monitoring and physiologic studies and, at least 
to our interpretation, can demonstrate no adverse disadvantages with this technique. 

You can see the types of lesions repaired, and the perfusion times have varied from 
15 minutes to a little over 1 hour. In our experience, in perfusions under 30 minutes, we 
usually use about one or two pints of blood during the procedure and one pint in the 
next 24 hours to cover pleural drainage. In perfusions from 30 minutes up to an hour 
or an hour and a half we use three to four pints of blood during surgery and usually 
one postoperatively. 

I call your attention to the 1 patient who received three pints of blood postopera¬ 
tively. In our total experience, this patient has received the largest single volume of 
blood during an open heart procedure. The average patient having open heart work 
on our service receives a total volume of blood which is less than the average patient 
having a pulmonary resection and, moreover, it is ordinary citrated bank blood and, at 
least in our experience, we have minimized the problem of procurement, storage, and 
waste. 

DE. THOMAS J. E. O’NEILL, Philadelphia, Pa.—^In Paper No. 18, it was stated that 
there were three principles involved in the currently available heart pumps. I should 
like to present a fourth t 3 'pe. 

This particular principle and invention goes back manj’ centuries ago and was 
developed first by Archimedes. 

[Slide] It differs from the other three principles as the jet airplane engine differs 
from the old-time piston engine. I am surprised that the aircraft industry didn’t think 
of it first. 

Among its advantages is the small size. The largest diameter is less than 8 inches. 
Its priming volume necessarilj- is very small. It is quiet in operation and vibrationless. 
Its output can be regulated carefully from 300 c.c. per minute to 14,000 c.c. per minute. 

[Slide] It is easy to clean. It is completely autoclavable, made up of mostly stain¬ 
less steel and a plastic inner liner, and it can be assembled and dissembled without anj’ 
tools, just using the fingers, putting together the end plates on slots. 

The turbine is a modification of the old water pump of Archimedes, and jmu can 
see it here. It rides in the inner lining, which is housed in the outer cjiinder. There is a 
space between these two in which jmu can circulate fluids to regulate temperatures at any 
desired level. 

Its principal operation: The blood will flow in this direction; rotating on its long 
axis it effects propulsion, without any valves, by a pulling action, a pushing action, and 
some centrifugal force. Me feel that this is definitely superior to any of the ones 
presented so far. 



A METHOD FOR THE SIMULTANEOUS MEASUREMENT 
OF MAXIMUM BREATHING CAPACITY, PULMONARY 
VOLUMINA, AND EFFECTIVE LUNG VENTILATION 

Geoige ]V Wiight, yM D, and Saul R Gtlfoid* (by invitation) 

Cleveland, Ohio 

I N THE PRACTICE of mcdiciiie, nifoiinatioii coneoimiig tlie eftectiv eiiess 'VMth 
^\hIch tlie lungs can be %entilatecl luidci vaiymg stiesses is tiequently desued 
Measuiement of volitional nia\inial late of air flow, of distiibution of inspiied 
gas, and of the degiee to which the lungs can be filled and emptied will dis 
close, quantitate, and locali/c iiiipanincuts of lentilatioii, but the time eon 
siuuing nature of those measuiemcnts li.is discouiaged then widespiead appli 
cation To minimize this baiiiei, we ha\e designed and assembled an appaiatiis 
to meabuio simultaneously the ina\imum bieathiiig capacity (MBC), piilmoiiaii 
voliimina, and a factoi lofleoting aheolai ventilation To piepaie the appaiatiis, 
cany out the test, and iiiahe the calculations lequiics appioximately 5 minutes 
for a single deteimination 

METHOD 

A spiiometei inside of which is placed a bag coiitaiuing 6 L of oxygen, a 
nictei foi continuous analysis of mtiogen, and suitable lecoidiiig equipment 
compiises the appaiatiis The subject exhales maximally and is then con 
nected to the bag, contaiiiiiig G L of pine oxygen, inside the spironietei A 
single full inspiiatioii fiom the bag iccoids the vital capacity The hlBC is 
now measuied ovei a 15 second peiiod by lebicathiiig to and fio in the bag 
Duiiiig this procedure the bag and lung gases come to, or approach, mtiogen 
eqmlibiium At the end of the maximum bieathiiig capacity a maximal ex 
halation is made into the bag and the subject is turned out of the spiiometei 
The nitrogen concentiation at the mouth is constantly sampled and analyzed 
and at the teimination of the pioccdurc, the mtiogen concentiation in the bag 
IS measuied by expelling the bag’s contents past the sampling point Piom 
these data the residual volume is calculated in the conventional manner for the 
closed ciieuit method’ No collection foi mtiogen excietioii oi oxygen absorp 
tioii was made Knowing the icsidual 101111116 and the niimbei and volume of 
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eaeli breatli, a factor reflecting ventilation effectiveness can be calculated. 
The tidal volume during nitrogen equilibration can be measured directly or 
estimated by dividing the total volume i-espired by the number of breaths taken 
during the equilibration period. 

For purposes of comparison, the MBC was also measured in the conven¬ 
tional manner by volitional maximal hyperventilation for 15 seconds through a 
face mask and Rudolph (high velocity) valve into a Douglas bag connected by 
flexible tubing 60 cm. long and 4 cm. in diameter. The conventional open 
circuit, nitrogen washout method- was used for measuring the functional resid¬ 
ual capacity and a 13.5 L. Collins spirometer for spirometry. Nitrogen con¬ 
centration was determined by the Van Slyke apparatus. 


GRATm 
COUPLED 
TO BELL 



Fig. 1.—Computer channel. Line drawing of signal generator. The light source and grid are 

contained inside the Krogh type spirometer. 


.APPARATUS 

The spirometer is of the Krogh type, having a bell top measuring 38 x 50 
cm., and not counterbalanced. To avoid the inaccuracies imposed by the load 
and inertial effects of contact Avriting systems, and to provide a means for 
immediate display of single (Autal capacity) or the sum of multiple (MBC) 
bell excursions, an optical system Avas designed for the conversion of bell 
motion to a measurable signal. In Fig. 1 a block diagram of the instrument 
is shoAvn. 

A light source projects a small spot against a mask haAung a series of 
opaque and transparent lines. Each space betAveen the lines represents a 
volume increment of 50 c.c. and the moA'^ement of the mask produces one light 
pulse for each 50 c.c. deflection. The light pulses are received and amplified 
by a photomultiplier tube and fed to a Schmitt ti'igger circuit Avhich generates 
a sharp electrical pulse for each light pirlse. These are fed to the counter 
circuit through a “gate” system. The “gate” is controlled by a timer circuit 
permitting pulses to be counted only during the timing interval. For the iVIBC 
measurement, a 15-second time inteiwal is used. For timed Autal capacity 
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measuiementb, a 1 oi 3 second’inteival is selected thiough a special tiinei 
which stalls its timing inteival only aftei the fiist pulse is leceived At the 
SiUiie time the counts aic passed thiough a ‘divide by two ciicuit” to make the 
displayed lesults diicct uidicating The counts aie fed into a simple computei 
in the foim of a digital countei foi adding up the volume niciemcnts with 
piopei piovision foi multiplication of appiopiiate factois The icsults are 
displayed diioctly on a countei dial which leads in litcis poi minute ioi the 
hlBC measmtment, and in fiactioiis of liteis foi the vital capacity measuie- 
ments A second and independent system and eiicuitiy pioduces an output 
diiectly iiiopoitional to volume as in a conventional spiiometei This con 
sists of an optical system sniiilai to that of the digital channel but with a mask 
that IS a lineally tapeied slot The amount of light leaching the photocell is a 
function of the position of the mask and is diicctly i elated to the deflection of 
the bell and therefoie to the volume Tins channel is used wheie spiiometei 
patterns are of inteiest such as iceoiding the tidal volume and changes in 
niid-position The output of this chainiel must be fed into some foim of le 
corder such as an oscilloscope The spiiometei and its signal pioducuig and 
lecoiding system will bo dcsciibcd in tcehiiical detail in a subsequent publica¬ 
tion 

Continuous sampling of gas was done at the spiiometei end of the tubing 
connecting the face mask uith the bag inside the spiiometei The continuous 
sample was passed thiough a Watei’s nitiogon aualyzei and lecoided on a 
Texas diiect vviiter The spiromctei channel signaling the tidal volume was 
also recorded on the Texas ducct vviitei The i espouse time of the nitrogen 
meter is less than 005 second, and tlio frequency of the Texas vviitei is 15 poi 
second 

CRITIQUE OP SPIROMETER VXD ITS RECORDIXG VPPVRVTUS 

Ill the mid position, the bell of the spiiometei oxeits a static piessiue not 
exceeding 2 mm of watci The lesponse of the spiiometei to volume changes 
initiated by a mechanical pump of the piston type is shown m Fig 2 Thei e is 
a flat 1 espouse ovei a laiige of 40 to 80 cycles pei minute with a stioke of 3 L 
The peak piessuies undei the bell duiing iiispiiation and expiiation at vaiious 
MBC aie shown in Pig 3 It is of inteiest to compaie the piessuies uiidei the 
bell to peak pressuies undei the face mask at similn MBC as is shown in 
Pig 4 The mask is attached to the spiiometei by a piece of flexible tubing, 
18 cm long and 2 5 cm in diametei at the iiariowest poitioiis Of fuithoi 
inteiest is a comparison of the piessures beneath the face mask when attached 
to the Kiogh spiiometei to inessuies beneath the face mask when the MBC is 
being measuied thiough a conventional high velocity (Rudolph) valve and 
Douglas bag eombiiiation (Pig 4) It is appaieiit fiom such comparison that 
the vvoik imposed by inteinal lesistauce in the Kiogh plus face mask com 
bination is appreciably less than that in the high velocity valve plus Douglas 
bag combination It would appear from these data that the instrument as 
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described will faithfully record single or summed excursions of the spirometer 
bell through cycle ranges apt to be met in clinical practice with less instru¬ 
mental impediment to air flow than exists in some other conventional methods 
for measuring the MBC. 



FREQUENCY OF ANALOG IN CYCLES/MIN. 

WITH 3L. STROKE VOL. 

Via. —Dynamic response of spirometer and counter to mechanicaiiy controlled input. 



- ’ beneaO >nieter bell during various rates of MBC. 


i’ter is such that we do not believe 
r stroke volumes faithfully repre- 
DUgh we do not know the precise 
vc that it is minimal. In these 
importance. Ample time for 
provided in making the 


was 
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toi’miiial oxiJiratioii and in measuring the concentration of nitrogen in tlie bag 
at the end of the run. As a further cheek, these values were read directly 
from the nitrogen meter. 

COMl’AKISON or MBO AMU PULMONARY VOLUMrNA AS MEASURED BY SIJIULT.V- 

NEOUS AND BY CONVENTIONAL METHODS 

A group of normal individuals ranging in age from 17 to 50 years, and a 
similar group of persons having various degrees of diffuse obstructive pulmo¬ 
nary emphysema, were studied. 

As seen in Table I, among normal and abnormal persons, there is a nice 
agreement between the average SIBC as measured conventionally with a high 
velocity valve and Douglas bag and that measured in the optically recording 
Krogh spirometer. Both measurements are in close agreement with the mean 
of the predicted MBC for the normal group. In three instances, the difference 



Plff- 4 —Peak pressure generated beneath face mask during various rates of MBC initi¬ 
ated by mechanical pump with stroke volume of j ly as measured by conventional high velocity 
valve and Douglas bag in contrast to the Krogh spirometer. 

as moasiu-ed by the two methods was greater than 10 L. in normal persons, 
while in abnormal persons it was never more than 5 L. There was a random 
scatter of all of the differences suggesting that the apparatus per se did not 
account for the variation. Some individuals found the Krogh spirometer to 
be more comfortable whereas others felt the reverse. We anticipated that 
the shorter conneetioii between the face mask and the immobile spirometer 
would be a handicap and perhaps it was in some instances. No one complained 
of resistance in the apparatus used. 

The vital capacity of both the normal and the abnormal individuals, as 
shown in Table I, was essentially the same when measured by the two spirome¬ 
ters. In 4 persons of each group the difference slightly exceeded 250 c.e. but 
was of a random distribution. 
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Table I. Comparison of MBG and Pulmonary Volumina as Measured by tue New and 

Conventional Procedures 



! 

NO. 

MEAN BY CONVEX-1 
TIONAL METHOD 

MEAN BY NEW 
METHOD 

DIFFERENCES 

MEAN OF 
DIFFERENCES 

MEAN OF PRE¬ 
DICTED VALUES 

MBG 

16 

158 L./min. 

Normal Group 

159 +1 

7 

152 

V.C. 

15 

4.59 L. 

4.52 

-0.07 

0.26 

4.38 

R. V. 

17 

1.13 L. 

1.29 

+0.16 

0.19 

1.28 

T. C. 

15 

5.73 L. 

5.80 

+0.07 

0.22 

5.59 

MBG 

18 

46 L./min. 

Abnormal Group 

45 -1 

4 

104 

V. G. 

11 

3.21 L. 

3.08 

-0.13 

0.28 

4.04 

R. V. 

11 

3.11 L. 

3.01 

-0.10 

0.51 

1.35 

T. C. 

11 

6.31 L. 

6.09 

-0.22 

0.68 

5.39 


The residiTal volume is estimated somewhat higher by the rapid method in 
normal persons as is shown in Table I. The maximum difference in any in¬ 
dividual was 300 c.e. In no instance did the rapid method give an estimate 
significantly larger than the predicted normal figure. This degree of agree¬ 
ment is gratifying because we had anticipated the rapid method to estimate a 
higher residual volume than that obtained by the conventional method for 
the following reason. The accuracy of the closed circuit method, in contrast 
to the open circuit method, is strongly dependent upon the assumption that 
terminal expired nitrogen concentration truly represents the mean concentra¬ 
tion of nitrogen in the lung as a whole at the moment of sampling. Distribu¬ 
tion and mixing of inhaled gas is known to be imperfect even in normal persons 
during slow breathing. During rapid breathing this uneven distribution is 
augmented, the gas flowing preferentially to areas of lowest airway resistance 
and largest compliance. Because of this, the terminal expired sample may be 
obtained from the poorly ventilated area and hence be above the mean nitrogen 
concentration of the lung. A falsely high terminal expired nitrogen concen¬ 
tration leads to a falsely large residual volume. Of course, it is also possible 
that the major contribution to the terminal expired nitrogen sample may come 
from hyperventilated lung tissues. This will lead to a falsely low nitrogen and 
a falsely small residual volume. The advantage of the open circuit method is 
that the error caused by poor distribution is minimized because nitrogen is 
being constantly washed out and, over a 7-minute period, reaches a very low 
value except in grossly abnormal lungs. 

Even in the abnormal group a reasonably good agreement was found 
between the two methods for measuring residual volume as shown in Table I. 
As might be anticipated from the above remarks, since uneven distribution 
and mixing are more severe in emphysematous than in normal persons, the 
difference between the estimates by the two methods is greater. It will be 
noted in Table I, that the mean of the differences between the two methods in 
the residual volumes of the abnormal group is almost three times as great as 
that of the normals. From a practical point of view, the residual volume 
cannot be estimated with reasonable accuracy unless equilibrium between the 
lung and bag is rather closely approximated. A further comment in this re¬ 
gard will be found in the conclusions. 
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Fig 5 —^Tracing of tidal volume and of nitrogen concentration In rebreathed gas during MBC 
measurement m a normal person Bead from right to left. Inspiration has down stroke 



Pig t»—tracing of tidal volume and of nitrogen concentration In rebreathed gas during SIBG 
measurement in a case of diffuse obstructive emphysema Inspiration has down stroke 














650 


WRIGHT AND GILFORD 


J. Thoracic and 
Cardiovas. Surg. 


No discussion of the estimates of total capacity is needed since this is the 
sum of vital capacity and residual volume and the above remarks apply. 

EFFECTIVE LUNG VENTILATION 

In this study two methods were used for estimating effectiveness of lung 
ventilation. On the basis of inspection alone, it was apparent, as shown in 
Pig. 5, that the majority of normal persons achieved approximate equilibration 
in the lung and bag within three to six breaths during the maximum breathing 
capacity. No normal person required more than seven breaths to effect a 
nonfluetuating nitrogen concentration. A slight fluctuation undoubtedly 
occurred but could not be recognized with our equipment. In contrast, as 
shown in Fig. 6, each person of the abnormal group either failed to come to 
equilibrium or required more than ten breaths to do so. On the basis of in¬ 
spection alone, one can separate a normal from an abnormal group. A second 
method involves the calculation of the theoretical number of breaths required 
to reach equilibrium based on the residual and tidal volumes. The normal 
individuals all actually reached equilibrium within one breath of the theoreti¬ 
cal number while all of the abnormals required more than the theoretical 
number of breaths or failed to equilibrate at all. This portion of our study is 
still under investigation and will form the basis of a subsequent report. 

CONCLUSIONS 

Our original purpose in devising this equipment and applying the methods 
was to develop a procedure for the rapid screening of large populations in 
order to recognize those persons having normal ventilatory powers. Our data 
indicate that this unit will faithfully record the maximum breathing capacity 
and vital capacity in normal and abnormal persons. The rapid closed circuit 
method of measuring residual volume is subject to some error, but is acceptable 
as a screening procedure for separating normal from abnormal persons. We 
suggest that in those persons who do not attain nitrogen equilibrium during 
the maximum breathing capacity, better accuracy could be obtained by per¬ 
mitting them to continue to rebreathe at a lower rate after the maximum 
breathing capacity has been performed. The test could be prolonged until 
equilibration is approximated, and in this way expiratoi-y elevation of nitrogen 
would be minimized. This would, of course, lengthen the time for the pro¬ 
cedure. There appears to be a sharp division between normal and emphysema¬ 
tous persons in the number of maximum breathing capacity type of breaths 
required to produce nitrogen equilibrium. Although quantitation of this 
impairment is not possible at present, the striking difference suggests a useful 
screening procedure. 

Since diffuse obstructive emphysema is characterized physiologically by a 
subnormal MBC, elevated residual volume and abnoimial lung rinsing (dis¬ 
tribution, mixing, and tidal volume to residual volume ratio), the apparatus 
and methods described might be expected to recognize preclinical stages of 
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the disease lu addition, (luaiititation of the vtiitilatoiy iiiipanmeiit can bi 
obtained Duett leading of the AIBC and Mtal capacity, and the use of . 
nomogram toi calculating lesidtial \olume tacilit ite the speed of iiieasuieinent 

suMJUUty 

1 A diiect leading spiioinctci is dcstiibed and dj iiamically evaluated 

2 A method foi buiuiltaneous incasuitmeut of HBC, pulmonary volumma 
and elfeotiio lung ventilation is dcseiibed and compaied to oonventiona 
measiiiemcnts foi tin same estimates in iioinial and emphysematous peisons 
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AN ACRYLATE-AMIDE FOAM ARTERIAL PROSTHESIS 


Richard W. Hardy, Captain, AIC, USAR (by invitation), Carl A. Nielson* 

(by invitation), Roger T. Sherman, Major, AIC, USAR (by invitation), 

Fred Leonard, Ph.D* (by invitation), and William H. Aloncrief, Jr., 
Lieutenant Colonel, AiC, USA (by invitation), Washington, D. C. 

INTRODUCTION 

D ue to the complex nature of the difficulties involved, it does not seem likely 
that prevention of degenerative or congenital lesions of the vascular system 
■will he achieved in the near future. It is probable that traumatic lesions Avill 
always require surgical management. Therefore, arterial repair and replacement 
are and will continue to be lifesaving restorative procedures. It is the aim of 
this investigation to devise a more satisfactory prosthesis to accomplish this 
replacement. A review was made of previous experiments in arterial replace¬ 
ment.^"®® The factors involved in the success or faihu’e of these experiments 
provided insight as to the qualifications of an ideal arterial prosthesis. This 
review was coupled mth a study of the physical characteristics of normal human 
arteries. From these studies the characteristics of an ideal arterial prosthesis 
are derived. These are: (1) be nontoxic, noncarcinogenic, nonallergenic, (2) 
incite little inflammatory or foreign body response, (3) have capacity for intimi- 
zation with incorporation by fibrous ingrowth, (4) have strength to withstand 
arterial pressure indefinitely, (5) be initially porous wth ability to become 
rapidly impervious to blood, (6) be elastic and flexible, (7) be easily inserted, 
(8) have a smooth internal wall, (9) be easily sterilized and stored, and (10) 
be easily manufactured at a nonprohibitive price. In addition, studies of normal 
arteries reveal that “the smooth muscle—elastic tissue network responsible for 
the aortic retractile force over a rather wide range of distension shows mechanical 
and thermal properties often associated with rubber.’’®® To meet this require¬ 
ment of elasticity, the search for a more ideal prosthetic material was limited 
to the elastomers. Of this group of materials, Kel-Ft elastomer and an aciylate- 
amide elastomer|^® developed at the Army Prosthetics Research Laboratory were 

From The Division of Surgery, "Walter Reed Army Institute of Research, Walter Reed 
Army Medical Center, 'VVashington 12, D. C. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 
Surgery at Los Angeles, Calif., April 21-23, 1959. 

‘Army Prosthetics Research Laboratory, Waiter Reed Army Medical Center. 
tManufactured by the Minnesota Mining and Manufacturing Company, St. Paul, Minn. 
}Acrylate-amIde elastomer is a polyacryllc ester rubber; a terpolymer of butyl acrylate 
(90 parts), methyl methacrylate (7.5 parts) and methacrylamide (2.6 parts) with ethyl meth¬ 
acrylate filler (37 parts). 


652 



\ol 38 ^o i 
No>ember 1959 


ACRYLATE AMIDE ARTEBLAL PROSTHESIS 


653 


selected because of then quality of mextncss Subsequent to then selection, two 
new clastoiiieis, Ilypalon* and Viton,* having iiotentially similar desiiable 
qualities, have become conimercially available 

To acliieio ease of handling and lapid iiitiiiiization vitli niiniiiial initial 
bleeding aftci inseition, a foam constiuction was selected toi the piosthesis 
Coiisideiable difficulty has been ciicoimtcied in the development ot a toain of 
propel pore size and consistency fiom these elastomcis This has been accom 
plished to date with the acrylate amide elastoniei 



% ELONGATION 

Jf)g 1-^^tress str<iln curves tor acr} late amide films Implanted subcutaneously m dogrs for 1 
and 4 months Instron testing maclune 

EVALUATION Ob PHYSICAL PROPERTIES 

The meitiiess of aciylate amide elastomei was evaluated bj analysis of stiess 
stiaiii dcLiatioii attei implantation and by tissue reaction Die out strips of cast 
aciylate amide film weie implanted in the subcutaneous tissue of dogs These 
strips were removed at mteiwals ot 1 and 4 months after impldiitation, and were 
tested bj stiess strain analysis against control samples The results of this test 
are graphically illustrated in Pig 1 No measurable degradation appears to 
have oecuiied in the acrylate amide elastomei duiiiig the time of nnplaiitation 
Longterm studies are being made to deteimnio whether degradation wiU occui 
on extended exposure to body fluids 

Similar die cut strips of aciylate amide film and foam were inserted sub 
I utaiieously in dogs and removed at 1, 4, and 5 month intenals to eraluate 
tissue reaction The elastomer was grossly well tolerated ivithout extiusion or 
fluid collection Microscopic study of the tissue adjacent to the implanted 


•Manufactured by E I Dupont de Nemours & Co Inc New York N Y 



JPig. -i- — A, Site of implantation of acrylate-amide fllm in subcutaneous tissue, 4 months 
duration. The film has been removed. Blocked area is shown in higher magnification. (Rine¬ 
hart X16 : reduced %.) 

B, Jlarginal cellular reaction consists mainly of fibroblasts. Occasional lymphocytes are 
apparent and, in the deeper parts, endothelial elements. Note absence of necrosis, foreign 
body type giant cells, and polymorphonuclear leukocytes. (Hematoxylin and eosin X234 ; re¬ 
duced %.) 
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material revealed connective tissue proliferation about the film (Fig. 2) and 
into the foam (Fig. 3). The cellular reaction to the material was very slight 
and consisted of occasional lymphocytes, histiocytes, and rare polymorphonuclear 
leukocytes. No midtinueleated giant cells were found and there was no evidence 
of necrosis; findings which one miglit expect Avitli chemical irritation or inflam¬ 
mation. 

The fabrication of the foamed elastomer into tubular forms and flat sheets 
was made by forming foamed aciylate-amide elastomer over a glass mandril. 



Fig. 4.—Photomicrograph of acrylate-amide foam showing open-cell structure. (X32 ; reduced y..) 


Optimal pore size was determined by a pilot experiment using Ivalon prostheses 
of varying known pore sizes and, finally, by trial and error with the acrylate- 
amide elastomer. Pore size of our present prosthesis varies from 30 to 600 p. 
with a mean of approximately 250 p. and may be altered to meet varying intra¬ 
vascular pressures (Fig. 4). 

Because the tensile strength of a foam is inherentl}^ variable, rupture oc¬ 
curred in some of the early model prostheses. Therefore, the prostheses were 
reinforced with a porous woven tube of two-way stretch Dacron fabric by bond¬ 
ing the tube to the inside of the graft in the foaming process. This has not 
altered the elasticity of the foam prosthesis. Tensile strength of the woven 
Dacron reinforcement is 42 pounds per linear inch of cloth. 
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EXPERIMENTAL LABORATORY APPLICATION 

Twenty-two segments of abdominal aorta and seven superficial femoral 
arteries of dogs have been replaced by acrylate-amide foam prostheses. The in¬ 
ternal diameter of the aortas varied from 5 to 8 nnn. while that of the femoral 
artery segments varied from 2.5 to 4.5 mm. Four dogs have been sacrificed, 
1 at 4 weeks, 2 at 8 weeks, and 1 at 12 weeks. All arteries removed at sacrifice 
were patent. A follow-up on the remaining twenty-four prostheses is being 
carried out for the effects of long-term use. To date, all are patent. Intiiniza- 
tion of our present prosthesis is complete by 8 weeks and has a mean thickness 
of approximately 280 ^ (Fig. 5). The rate of intimization varies with porosity 
and was not complete by 12 weeks in an early model prosthesis of small pore 
size. Bleeding through the pores of the prosthesis is moderate and terminates 
in 5 to 20 seconds "without preclotting. The average estimated blood loss through 
the intei’stiees of an abdominal aortic prosthesis of 3 to 4 cm. in length is 10 c.c. 

Aciylate-amide foam sheets reinforced with Dacron fabric have been im¬ 
planted in the puhnonaiy outflow tract of 4 dogs. A segment of right ventricle 
and pulmonary artery was grasped in a partial occluding clamp and an elliptical 
defect was created in the wall of the right ventricular outflow tract, extending 
across the annulus of the pulmonary valve. The graft was inserted in the defect 
and sutured -with a running, over-and-over stitch of 5-0 polyethylene monofila¬ 
ment suture.’* Blood loss through the gi’aft was minimal. One of the dogs was 
heparinized with 1.0 mg. heparin per kilogram at the time of insertion of the 
prosthesis. The prosthesis was not preclotted. Upon release of the clamps, 
bleeding through the prosthesis was minimal and stopped after li^ minutes of 
digital pressure. Estimated blood loss was 15 c.c. AU dogs tolerated the pro¬ 
cedure Avithout complication. One dog Avas sacrificed at 1 month to ascertain 
degree of intimization, Avhich Avas found to be complete. The remaining 3 dogs 
Avill be kept for long-term study. 

DISCUSSION 

A neAV arterial prosthesis has been fabricated, possessing characteristics 
Avhich approach our criteria for the ideal arterial prosthesis. It is made of a 
neAV terpolymer, an acrylate-amide elastomer, Avhich has been shoAvn to incite 
little inflammatory or foreign body response. It is nontoxic and, in the foam 
state, capable of being incorporated in the body tissues by ingi’OAvth of fibrous 
tissues. The outstanding characteristics of the acrylate-amide prosthesis are its 
ease of handling, suturing, and insertion. The resiliency of the foam is such 
that anastomosis is accomplished Avith little if any bleeding at this site. The 
graft can be cut at any angle Avithout fraying. Because of its foam construction, 
bleeding through the interstices is slight, although pore size is sufficiently large 
to permit early ingroAvth of fibrous tissue and rapid intimization. 

The prosthesis can be fabricated Avith varying degrees of elasticity and its 
flexibility is maintained after implantation. It has a smooth internal Avail and 

‘Linear monofllament polyethylene suture. For investigational use by Davis and Geek, 
Surgical Products Division of the American Cyanamide Co., New York, N. Y. 
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has been used successfully to icpHee vessels having an mteinal diametei as 
small as 2 5 mm Repeated autoclaving causes no degradation o± the plastic 
noi loss of tensile stiength 

jranutactuie at this time is on a lahoiatoiy scale hut techniques of fabiiea 
tioii .ue being impioved As jet, complcv shapes (bifuications and aiehes) 
have not been pioduced 


suvni vRv 

An aiteiial piostliesis has been developed utilizing a Dacion fibei leiiifoicid 
foam of a new acrylate amide elastoniei Lahoiatoiy application leads to the 
nnpiession that this piostliesis will make feasible moie successful leplaoement 
of artciies of small dnmetei 
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